
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicants: Dean L. Engelhardt et al. 



Serial No. 09/727,349 



Filed: 



November 30, 2000 



Title: NOVEL PROCESS, CONSTRUCT AND 
CONJUGATE FOR PRODUCING 
MULTIPLE NUCLEIC ACID COPIES 



Group Art Unit: 1655 

Examiner: Arun Chakrabarti, Ph.D. 



FILED BY EXPRESS MAIL 

Mail Stop Petition 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



527 Madison Avenue, 9th Floor 
New York, NY 1 0022-4304 
November 20, 2003 ; 



PETITION UNDER 37 C.F.R. §1.1 37(b) TO REVIVE 
AN UNINTENTIONALLY ABANDONED APPLICATION 



Dear Sirs: 

Applicants submit this Petition to the Commissioner under the provisions of 

37 C.F.R. §1 .137(b) to revive the above-identified application in which taking 

action was unintentionally delayed. A response to the previously issued December 

12, 2002 Office Action was originally due on March 12, 2003. Upon the expected 

granting of this Petition, the accompanying response in the form of a Request For 

Continuation Application Under 37 C.F.R. § 1.53(b) will be considered as having 

been timely filed. 
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Dean L. Engelhardt et al. 
Serial No. 09/727,349 
Filed: November 30, 2000 

Page 2 (Petition Under 37 C.F.R. §1.1 37(b) to Revive An Unintentionally 
Abandoned Application - Novennber 20, 2003) 



EXPRESS MAIL CERTIFICATE 



"Express Mail" Label No. EV160376692US 
Deposit Date November 20, 2003 

I hereby certify that this paper and the attachments 
herein are being deposited with the United States Postal 
Service "Express Mail Post Office to Addressee" service 
under 37 CFR 1.10 on the date indicated above and is 
addressed to the Commissioner of Patents and 
Trademarks, W^hington DC 20231 . 




2003 



En2-52{D1)(C2) 




Docket^Bnber (Optional) 
ENZ-52(D1)(C2) 




In re Application of: 

Nanne: Dean L. Engelhardt at al. 

Application Number: 09/727,349 

Filed: Novennber 30, 2000 

For: NOVEL PROCESS, CONSTRUCT AND CONJUGATE FOR PRODUCING 
MULTIPLE NUCLEIC ACID COPIES 

The owner*, Enzo Life Sciences, Inc. (formerly named "Enzo Diagnostics, Inc.") of ICQ percent interest in the above- 
identified application hereby disclaims a terminal part of the term of any patent granted the above-identified application 
equivalent to: (1) if the above-identified application is a design application, the period of abandonment of the above- 
identified application, and (2) if the above-identified application is a utility or plant application, the lesser of: (a) the 
period of abandonment of the application; or (b) the period extending beyond twenty years from the date on which the 
above-identified application was filed in the United States or, if the application contains a specific reference to an earlier 
filed application(s) under 35 U.S.C. 120, 121, or 365(c), from the date on which the earliest such application was filed. 
This disclaimer also applies to any patent granted on a utility or plant application filed before June 8, 1995, or a design 
application, that contains a specific reference under 35 U.S.C. 120, 121, or 365(c) to the above-identified application. 
This disclaimer is binding upon the grantee, and its successors or assigns. 

Check either box 1 or 2 below, if appropriate. 

1. / /For submissions on behalf of an organization (e.g. corporation, partnership, university, government agency, etc.), 

the undersigned is empowered to act on behalf of the organization. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further, that these statements are made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001, Title 
18 of the United States Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 

2. /X/ The undersigned is an attorney of record. A . 




November 20, 2003 
Date 



Signature 
Reg. No. 32,567 
Ronald C. Fedus 
Typed or printed name 



/X/ The Patent and Trademark Office is hereby authorized to charge Deposit Account No. 05-1 135 
for the Terminal Disclaimer fee Under 37 C.F.R. 1 .20(d) and for any other fees required. 



/ / Terminal disclaimer fee under 37 CFR 1.20(d) included. 



* Certification under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). 
Form PTO/SB/96 may be used for making this certification. See MPEP 3 324. 



THE STATEMENT BELOW IS FOR OFFICE USE ONLY 



In accordance with the decision' granting the petition filed on 



, this terminal disclaimer is accepted. 



The period of abandonment specified above has been accepted as equivalent to 
11/26/ !003 SLUftNGl 00000001 051135 09727349 



months. 



01 PC: 



1814 



110.00 DA 



Petitions Examiner 



Attorney's Docket: Enz-52(D1 )(C2) 



Dean L. Engelhardt et al. 
Serial No. 09/727,349 
Filed: November 30, 2000 

Page 3 (Petition Under 37 C.F.R. §1.1 37(b) to Revive An Unintentionally 
Abandoned Application - November 20, 2003) 

The above-identified application became unintentionally abandoned after 
March 12, 2003, which was the date that a response to the December 12, 2002 
Office Action was originally due. A Notice of Abandonment was mailed on 
September 23, 2003 (copy attached as Exhibit 1). 

It is hereby requested that this application be revived because the entire 
delay in filing the response to the December 12, 2002 Office Action until the filing 
of this Petition was unintentional. Because this Petition is being filed within three 
months of the September 23, 2003 mailing date of the Notice of Abandonment, no 
terminal disclaimer is believed to be required. In the alternative that such is 
required. Applicants are providing a Terminal Disclaimer attached as Exhibit 2. 

As indicated above, a response to the December 1 2, 2002 Office Action in 
the form of a Request For Continuation Application Under 37 C.F.R. § 1.53(b) is 
being submitted concurrently herewith and is attached as Exhibit 3. Applicants' 
Continuation Request (Exhibit 3) also includes a Preliminary Amendment. 

The fee for filing a Petition to Revive an Unintentionally Abandoned 
Application Under 37 C.F.R. §1.1 37(b) is $665.00 for a small entity. Small entity 
status was previously established in this application and is still applicable. The 
Patent and Trademark Office is hereby authorized to charge Deposit Account No. 
05-1 135 for the requisite large entity fee of $665.00. The Patent and Trademark 
Office is further authorized hereby to charge Deposit Account No. 05-1 1 35 for any 
other fees required in connection with this Petition, the attached Amendment 
(Exhibit 2), or Terminal Disclaimer (Exhibit 1). 

A duplicate copy of this Petition but without attached Exhibits 1-3 is also 
submitted herewith. 
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Dean L. Engelhardt et al. 
Serial No. 09/727,349 
Filed: November 30, 2000 

Page 4 (Petition Under 37 C.F.R. §1,1 37(b) to Revive An Unintentionally 
Abandoned Application - November 20, 2003) 



Favorable action on this Petition is earnestly solicited. 



ENZO LIFE SCIENCES, INC. 
c/o Enzo Biochem, Inc. 
527 Madison Avenue (9'^ Fl.) 
New York, New York 10022 

Telephone: (212) 583-0100 
Fax: (212) 583-0150 




Registration No. 32,567 
Attorney for Applicants 



Enz-52(D1)(C2) 



United States Bstent and Trademark Ofttce 



UNITED STATES DEPARTMENT OF COMMERCE 
United State:* Patent und Trademark OfHce 
, Addrwi: COMMISSIONER FOR PATENTS 
P.O. Box 1450 

Alexandria, Vhginia 22313-1450 

WTIirW.USptO.gov 



APPLICATION NO. 


FILING DATE 


FIRST NAMED INVENTOR 


ATTORNEY DOCKET NO. 


CONFIRMATION NO. 


09/727,349 


1 1/30/2000 


Dean L. Engelhardt 


Enz-52 (Dl) 


3143 



28170 7590 09/23/2003 

ENZO DIAGNOSTICS, INC. 
C/0 ENZO BIOCHEM INC. 
527 MADISON AVENUE 9TH FLOOR 
NEW YORK, NY 10022 




EXAMINER 



CHAKRABARTI, ARUN K 



ART UNIT 



PAPER NUMBER 



1634 

DATE MAILED: 09/23/2003 



COPY 



Please find below and/or attached an Office communication concerning this appHcation or proceeding. 



PTO-90C (Rev. 07-01) 



Notice of Abandonment 



Application No. 
09/727,349 



Applicant(s) 



Engelhardt 



Examiner 



Arun Chakrabarti 



Art Unit 

1634 




The MAILING DATE of this communication appears on the cover sheet with the correspondence address 
This application is abandoned in view of: 

1 . Kl Applicant's failure to tinnely file a proper reply to the Office letter mailed on Dec 6, 2002 , 



(a) □ A reply was received on 



(with a Certificate of Mailing or Transmission dated 



)/ which is after the expiration of the period for reply (including a total extension of time of 

month(s)) which expired on . 



, but it does not constitute a proper reply under 37 CFR 



(b) □ A proposed reply was received on 

1.11 3(a) to the final rejection. . 

(A proper reply under 37 CFR 1.1 13 to a final rejection consists only of: (1) a timely filed amendment which places 
the application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed 
Request for Continued Examination (RCE) in compliance with 37 CFR 1.114). 



(c) □ A reply was received on 



but it does not constitute a proper reply, or a bona fide attempt at a 



proper reply, to the non-final rejection. See 37 CFR 1 .85(a) and 1.111. (See explanation in box 7 below), 
(d) Kl No reply has been received. 

2.n Applicant's failure to timely pay the required Issue fee and publication fee, if applicable, within the statutory period 
of three months from the mailing date of the Notice of Allowance (PTOL-85). 



(a) □ The issue fee and publication fee, if applicable, was received on 

Transmission dated ), which is after the expiration of the statutory period for payment of the 



(with a Certificate of Mailing or 



issue fee (and publication fee) set in the Notice of Allowance (PTOL-85), 
(b) □ The submitted issue fee of $ is insufficient. A balance of $ is due. 



The issue fee required by 37 CFR 1,18 is $ 



The publication fee, if required by 37 CFR 1,1 8(d) is $ 



(c) □ The issue fee and publication fee, if applicable, has not been received. 

3,n Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in the 
Notice of Allowability (PTO-37). 



(with a Certificate of Mailing or 



(a) n Proposed new formal drawings were received on 

Transmission dated ■ ), which is after the expiration of the period for reply. 

(b) □ No corrected drawings have been received. 



4, □ The letter of express abandonment which is signed by the attorney or agent of record, the assignee of the entire 

interest, or all of the applicants. 

5. D The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity 

under 37 CFR 1.34(a)) upon the filing of a continuing application. 

6- □ The decision by the Board of Patent Appeals and Interferences rendered on and because the 

period for seeking court review of the decision has expired and there are no allovypd claims. 

7.n The reason(s) below: 





SUPERVISORY fATENT EXMA^ER 

TECHNOLOGY CENTER 1600 

Petitions to revive under 37 CFR 1.137(a) or (b), or requests to withdraw the holding of abandonment under 37 CFR 1.181, 
should be promptly filed to minimize any negative effects on patent term. 



J. S. Patent and Trademark Office 

PTO-1432 (Rev. 04-01) 



Notice of Abandonment 



Part of Paper No. 0803 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Anticipated Classification Prior. Application: Attorney's 
Of this Application: Exam'r: Arun K. Chakrabarti, Ph.D. Docket No.: 

Class Subclass . Prior Group Art Unit: 1634 Enz-52(D1 )(C2) 

FILED BY EXPRESS MAIL 



Mail Stop Patent Application 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This is a request for filing a X CONTINUATION DIVISIONAL 

CONTINUATION-IN-PART application under 37 CFR §1 .53(b) X 37 CFR 

§ 1.53(b), of pending prior application Serial No. 09/727,349 filed on November 30, 
2000 of Engelhardt, et al. 

Inventor(s) 

for 

NOVEL PROCESS, CONSTRUCT AND CONJUGATE 
FOR PRODUCING MULTIPLE NUCLEIC ACID COPIES 

Title of Invention 

1 - X Enclosed is a copy of the prior application, as originally filed and 

an affidavit or declaration verifying it as a true copy. 

2. X Small entity status was previously established in a prior 

application and is still applicable. 




EXPRESS MAIL CERTIFICATE 



"Express Mall" Label No. EV160376692US 
Deposit Date November 20, 2003 

I hereby certify that this paper and the attachments 
herein are being deposited with the United States Postal 
Service "Express Mail Post Office to Addressee" service 
under 37 CFR 1.10 on the date indicated above and is 
addressed to the Commissioner of Patents and 
lington DC 20231. 



T^ademarks, WaSfaingi 



November 20, 2003 



Ronald C. Fedus Date 
Reg. No. 32,567 



Enz-52(D1)(C2) 



Engelhardt, et al. 

Serial No.: Not Yet Assigned 

(Continuation of S. N. 09/727,349, filed Novennber 30, 2000) 
Filed: Herewith 

Page: 2 (Request for a Continuation Application Under 37 C.F.R. §1 .53(b) - 
November 20, 2003) 



3. X The filing fee is calculated as follows: 



CLAIMS AS FILED, LESS ANY CLAIMS CANCELLED BY AMENDMENT 












RATE 




FEE 




Number 
Filed 




Number 
Extra 




Small 
Entity 


Other 
Entity 




Small 
Entity 


Other 
Entity 


Total 
Claims 


30 




10 


X 


$ 9 


$ N/A 




$90 


$ - 


Independent 
Claims 


1 




0 


X 


$ 43 


$ N/A 




$ 0 


$ — 


Multiple Dependent 

Claims Presented: Yes X No 




$135 


$270 




$ -- 


$ — 


' If the difference in Col. 1 is less than zero, enter "0" in 
Col. 2 


BASIC 
FEE 




$385 


$ — 




TOTAL 
FEE 




$475 


$ — 



4. X The Comnnissioner is hereby authorized to charge payment of 

the filing fee as well as the following fees associated with this 
application or to credit any overpayment to Deposit Account No. 
05-1 135 , A duplicate copy of this sheet is enclosed. 



X Any additional filing fees required under 37 CFR §1.16. 

X Any patent application processing fees under 37 CFR §1.17. 

5. X The Commissioner is hereby authorized to charge payment of 

the following fees during the pendency of this application or 
credit any overpayment to Deposit Account No. 05-1 1 35 , A 
duplicate copy of this sheet is enclosed. 

X Any patent application processing fees under 37 

CFR §1.17. 

The issue fee set in 37 CFR §1 .1 8 at or before 

mailing of the Notice of Allowance, pursuant to 37 
CFR §1. 311(b). 
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Engelhardt, et al. 

Serial No.: Not Yet Assigned 

(Continuation of S. N. 09/727,349, filed November 30, 2000) 
Filed: Herewith 

Page: 3 (Request for a Continuation Application Under 37 C.F.R, § 1.53(b) - 
Novennber 20, 2003) 



Any filing fees under 37 CFR § 1 . 1 6 for 
presentation of extra claims. 



A check in the amount of $ is enclosed. 



X Cancel claims 2-90 



8. X Amend the specification by inserting before the first line of the 

sentence: - — This is a X continuation, divisional 

of U.S. Patent Application Serial No. 09/727,349, filed on 
November 30, 2000, which is a continuation of U.S. Patent 
Application Serial No. 09/302,818 filed on February 3, 1998, 
now abandoned. — 

9. • Transfer the drawings from the prior application. 

10. X Informal X Formal drawings are enclosed. 

1 1 . Abandon said prior application as of the filing date accorded this 

application. A duplicate copy of this sheet is enclosed for filing 
in the prior application file. 

12. _____ Priority of application Serial No. filed on 

is claimed under 35 U.S.C. § 1 1 9. 

The certified copy of the priority application has 



been filed in prior application Serial No. ' , 

filed . 

13. X The prior application is assigned of record to Enzo Diagnostics, 

Inc., c/o Enzo Biochem, Inc., 527 Madison Avenue, New York, 
New York 10022. A copy of the Assignment is enclosed. 

14. X A preliminary amendment is enclosed. 



Enz-52(D1){C2) 



Engelhardt, et al. 

Serial No.: Not Yet Assigned 

(Continuation of S. N. 09/727,349, filed November 30, 2000) 
Filed: Herewith 

Page: 4 (Request for a Continuation Application Under 37 C.F.R. §1 .53(b) - 
Novennber 20, 2003) 



15. X The power of attorney in the prior application is to: 

Ronald C. Fedus, Reg. No. 32,567. 

(a) X The power appears in the original papers in the 

prior application. 

(b) Since the power does not appear in the original 

papers, a copy of the power in the prior application 
is enclosed. 

(c) A copy of a new substitute power of attorney is 

enclosed. 

(d) A copy of a new Associate Power of Attorney is 

enclosed. 

(e) X Address all future comnnunications to: (May only 

be completed by applicant, or attorney or agent of 
record.) 

Ronald C. Fedus, Esq. 

Enzo Life Sciences, Inc. 

c/o Enzo Biochem, Inc. 

527 Madison Avenue (9th Floor) 

New York, New York 10022 

16. X Oath or Declaration 



(a) Newly executed (original or copy) 

(b) X Copy from a prior application (37 CFR 1 .63(d)) 

(c) X With Power of Attorney 
(D) Without Power of Attorney 



En2-52{D1)(C2) 



Engelhardt, et al. 

Serial No.: Not Yet Assigned 

(Continuation of S. N, 09/727,349, filed November 30, 2000) 
Filed: Herewith 

Page: 5 (Request for a Continuation Application Under 37 C.F.R. §1 .53(b) - 
November 20, 2003) 



1 7. X I hereby verify that the attached papers are a true copy of prior 

application Serial No. 09/727,349 , filed on November 30, 
2000. 

The undersigned declares further that all statements made herein of his own 
knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 1 8 of the United States Code 
and that such willful false statements may jeopardize the validity of the application 
or any patent issuing thereon. 

November 20, 2003 
Date 



^spectfully su&mitted, 

flonald C. Fedus 
Registration No. 32,567 
Attorney for Applicants 
Inventor(s) 

Assignee of Complete Interest 

X Attorney or Agent of Record 
X Filed under 37 CFR § 1 .34(a) 



Address of Signator: 

Enzo Life Sciences, Inc. 

c/o Enzo Biochem, Inc. 

527 Madison Avenue (9th Floor) 

New York, NY 10022-4304 



Enz.52(D1)(C2) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Anticipated Classification 
Of this Application: 
Class Subclass 



Prior Application: 

Exann'r: Arun K. Chakrabarti, Ph.D. 

Prior Group Art Unit: 1634 



FILED BY EXPRESS MAIL 



Attorney's 
Docket No.: 
Enz-52(D1)(C2) 



Mail Stop Patent Application 
Connnnissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



COPY 



Sir: 



This is a request for filing a X CONTINUATION DIVISIONAL 

CONTINUATION-IN-PART application under 37 CFR § 1 .53(b) 



X 37 CFR 



§ 1.53(b), of pending prior application Serial No. 09/727,349 filed on November 30 
2000 of Engelhardt, et al. 



for 



Inventor(s) 

NOVEL PROCESS, CONSTRUCT AND CONJUGATE 
FOR PRODUCING MULTIPLE NUCLEIC ACID COPIES 

Title of Invention 



X 



2. 



Enclosed is a copy of the prior application, as originally filed and 
an affidavit or declaration verifying it as a true copy. 

Snnall entity status was previously established in a prior 
application and is still applicable. 



EXPRESS MAIL CERTIFICATE 



"Express Mall" Label IMo. EV160376692US 
Deposit Date November 20, 2003 

I hereby certify that this paper and the attachments 
herein are being deposited with the United States Postal 
Service "Express Mail Post Office to Addressee" service 
under 37 CFR 1.10 on the date indicated above and is 
addressed to the Commissioner of Patents and 
idemarks, WaSbington DC 20231. 



November 20, 2003 
Date 





Ronald C. Fedus 
Reg. N . 32,567 



Enz-52{D1)(C2) 



u Engelhardt, et al. 

Serial No.: Not Yet Assigned 

(Continuation of S. N. 09/727,349, filed Novennber 30, 2000) 
Filed: Herewith 

Page: 2 (Request for a Continuation Application Under 37 C.F.R, §1 .53(b) - 
Novennber 20, 2003) 



3. X The filing fee is calculated as follows: 



CLAIMS AS FILED, LESS ANY CLAIMS CANCELLED BY AMENDMENT 












RATE 




FEE 




Number 
Filed 




Number 
Extra 




Small 
Entity 


Other 
Entity 




Small 
Entity 


Other 
Entity 


Total 
Claims 


30 




10 


X 


$ 9 


$ N/A 




$90 


$ - 


Independent 
Claims 


1 




0 


X 


$ 43 


$ N/A 




$ 0 


$ ... 


Multiple Dependent 

Claims Presented: Yes X No 




$135 


$270 




$ -- 


$ — 


' If the difference in Col. 1 is less than zero, enter "0" in 
Col. 2 


BASIC 
FEE 




$385 


$ — 




TOTAL - 
FEE 




$475 


$ — 



4. X The Comnnissioner is hereby authorized to charge paynnent of 

the filing fee as well as the following fees associated with this 
application or to credit any overpayment to Deposit Account No. 
05-1 1 35 . A duplicate copy of this sheet is enclosed. 



X Any additional filing fees required under 37 CFR §1.16. 

X Any patent application processing fees under 37 CFR §1.17. 

5. X The Commissioner is hereby authorized to charge payment of 

the following fees during the pendency of this application or 
credit any overpayment to Deposit Account No. 05-1 1 35 . A 
duplicate copy of this sheet is enclosed. 

X Any patent application processing fees under 37 

CFR §1.17. 

The issue fee set in 37 CFR § 1 . 1 8 at or before 

mailing of the Notice of Allowance, pursuant to 37 
CFR §1.31 Kb). 



Enz-52(D1)(C2) 



Engelhardt, et al. 

Serial No.: Not Yet Assigned 

(Continuation of S. N. 09/727,349, filed Novennber 30, 2000) 
Filed: Herewith 

Page: 3 (Request for a Continuation Application Under 37 C.F.R, § 1.53(b) - 
November 20, 2003) 



Any filing fees under 37 CFR § 1 , 1 6 for 

presentation of extra claims. 

6. A check in the amount of $ is enclosed. 



7. X Cancel claims 2-90 . 

8. X Amend the specification by inserting before the first line of the 

sentence: - — This is a X continuation, divisional 

of U.S. Patent Application Serial No. 09/727,349, filed on 
November 30, 2000, which is a continuation of U.S. Patent 
Application Serial No. 09/302,818 filed on February 3, 1998, 
now abandoned. — 

9. _____ Transfer the drawings from the prior application. 

10. X Informal X Formal drawings are enclosed. 

1 1 . Abandon said prior application as of the filing date accorded this 

application. A duplicate copy of this sheet is enclosed for filing 
in the prior application file. 

12. Priority of application Serial No. filed on 

is claimed under 35 U.S.C. §1 19. 

The certified copy of the priority application has 

been filed in prior application Serial No. , 

filed . 

13. X The prior application is assigned of record to Enzo Diagnostics, 

Inc., c/o Enzo Biochem, Inc., 527 Madison Avenue, New York, 
New York 10022. A copy of the Assignment is enclosed. 

14. X A preliminary amendment is enclosed: 



Enz-52(D1)(C2) 



Engelhardt, et al. 

Serial No.: Not Yet Assigned 

(Continuation of S. N. 09/727,349, filed November 30, 2000) 
Filed: Herewith 

Page: 4 (Request for a Continuation Application Under 37 C.F.R. §1 .53(b) - 
Novennber 20, 2003) 



1 5. X The power of attorney in the prior application is to: 

Ronald C. Fedus, Reg. No. 32,567. 

(a) X The power appears in the original papers in the 

prior application. 

(b) Since the power does not appear in the original 

papers, a copy of the power in the prior application 
is enclosed. 

(c) A copy of a new substitute power of attorney is 

enclosed. 

(d) A copy of a new Associate Power of Attorney is 

enclosed. 

(e) X Address all future communications to: (May only 

be completed by applicant, or attorney or agent of 
record.) 

Ronald C. Fedus, Esq. 

Enzo Life Sciences, Inc. 

c/o Enzo Biochem, Inc. 

527 Madison Avenue (9th Floor) 

New York, New York 10022 

16. X Oath or Declaration 



(a) Newly executed (original or copy) 

(b) X Copy from a prior application (37 CFR 1 .63(d)) 

(c) X With Power of Attorney 
(D) Without Power of Attorney 



Enz-52(D1){C2) 



Engelhardt, et al. 

Serial No.: Not Yet Assigned 

(Continuation of S. N. 09/727,349, filed November 30, 2000) 
Filed: Herewith 

Page: 5 (Request for a Continuation Application Under 37 C.F.R. §1 .53(b) - 
November 20, 2003) 



7- X I hereby verify that the attached papers are a true copy of prior 

application Serial No. 09/727,349 , filed on November 30 
2000. 

The undersigned declares further that all statements made herein of his own 
knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the application 
or any patent issuing thereon. 



November 20, 2003 
Date 



-Respectfully sufihriitted, 

f^onald C. Fedus 
Registration No. 32,567 
Attorney for Applicants 
Inventor(s) 

Assignee of Connplete Interest 

X Attorney or Agent of Record 
X Filed under 37 CFR § 1 .34(a) 



Address of Signator: 

Enzo Life Sciences, Inc. 

c/o Enzo Biochem, Inc. 

527 Madison Avenue (9th Floor) 

New York, NY 10022-4304 



En2-52(D1)(C2) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Anticipated Classification Prior Application: Attorney's 
Of this Application: Exam'r: Arun K. Chakrabarti, Ph.D. Docket No.: 

Class Subclass Prior Group Art Unit: 1634 Enz-52(D1)(C2) 

FILED BY EXPRESS MAIL 

Mail Stop Patent Application 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This is a request for filing a X CONTINUATION DIVISIONAL 
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PLEASE AMEND THIS APPLICATION AS FOLLOWS: 
In The Title : 

Change the title of the invention to: 

In vitro Processes for Producing Multiple Copies of Primer Sequence-Free 
Specific Nucleic Acid Independent of Intermediate Structure -- 

In The Claims : 

Please cancel claim 1 . 

Please add new claims 91-120. 

Claim 1 (Canceled Hereinabove) 

Claims 2-90 (Canceled in Continuation Request) 

91 . (NEW) An in vitro process for producing more than one copy of a specific 
nucleic acid, said process being independent of a requirement for the formation of 
an intermediate structure by the introduction of a promoter sequence or an 
asymmetric restriction site for the production of said specific nucleic acid, said 
process comprising the steps of: 

(a) providing a nucleic acid sample containing or suspected of containing 
the sequence of said specific nucleic acid; 
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(b) contacting said sample with a mixture comprising: 

(i) nucleic acid precursors, 

(ii) one or more specific nucleic acid primers each of which is 
complementary to a distinct sequence of said specific nucleic acid, 
and 

(iii) an effective amount of a nucleic acid producing catalyst; and 

(c) allowing said mixture to react under isostatic conditions of 
temperature, buffer and ionic strength to produce more than one copy 
of said specific nucleic acid. 

92. (NEW) The process of claim 91, wherein said specific nucleic acid is single- 
stranded or double-stranded. 

93. (NEW) The process of claim 91, wherein said specific nucleic acid comprises 
deoxyribonucleic acid, ribonucleic acid, a DNA.RNA hybrid, a polymer capable of 
acting as a template for a nucleic acid polymerizing catalyst, or a combination of 
any of the foregoing. 

94. (NEW) The process of claim 91, wherein said specific nucleic acid is in 
solution. 

95. (NEW) The process of claim 94, further comprising the step of treating said 
specific nucleic acid with a blunt-end promoting restriction enzyme. 

96. (NEW) The process of claim 91, wherein said specific nucleic acid is isolated 
or purified prior to the contracting step (b) or the reacting step (c). 
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97. (NEW) The process of claim 96, wherein said isolation or purification of said 
specific nucleic acid is carried out by means of sandwich or sandwich capture. 

98. (NEW) The process of claim 97, further comprising the step of releasing said 
captured specific nucleic acid. 

99. (NEW) The process of claim 98, wherein said releasing step 1s carried out by 
means of a restriction enzyme. 

100. (NEW) The process of claim 91, wherein said nucleic acid precursors 
comprise nucleoside triphosphates, nucleoside trisphosphate analogs, or a 
combination thereof. 

101 . (NEW) The process of claim 100, wherein said nucleoside triphosphates 
comprise deoxyadenosine 5'-triphosphate, deoxyguanosine 5*-triphosphate, 
deoxythymidine 5 '-triphosphate, deoxycytidine 5'-triphosphate, adenosine 5'- 
triphosphate, guanosine 5'-triphosphate, uridine 5'-triphosphate and cytidine 5'- 
triphosphate, or a combination of any of the foregoing. 

102. (NEW) The process of claim 100, wherein said nucleoside triphosphate 
analogs are naturally occurring or synthetic, or a combination thereof. 

103. (NEW) The process of claim 100, wherein at least one of said nucleoside 
triphosphates or nucleoside triphosphate analogs is modified on the sugar, 
phosphate or base. 

104. (NEW) The process of claim 100, wherein said specific nucleic acid primers 
comprise deoxyribonucleic acid, ribonucleic acid, a DNA.RNA copolymer, a polymer 
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capable of hybridizing or forming a base-specific pairing complex and initiating 
nucleic acid polymerization, or a combination of any of the foregoing. 

105. (NEW) The process of claim 91, wherein said specific nucleic acid primers 
comprise oligo- or polynucleotides. 

106. (NEW) The process of claim 91, wherein said specific nucleic acid primers 
comprise a 3'-hydroxyl group or an isosteric configuration of heteroatoms. 

107. (NEW) The process of claim 106, wherein said heteroatoms comprise 
nitrogen or sulfur. 

108. (NEW) The process of claim 91, wherein said specific nucleic acid primers 
are not substantially complementary to one another. 

109. (NEW) The process of claim 108, wherein said specific nucleic acid primers 
contain no more than five complementary base-pairs in the sequences therein. 

110. (NEW) The process of claim 91, wherein said specific nucleic acid primers 
comprise from about 5 to about 100 nucleotides. 

111. (NEW) The process of claim 1 10, wherein said specific nucleic acid primers 
comprise from about 8 to about 20 nucleotides. 

1 1 2. (NEW) The process of claim 91 , wherein said specific nucleic acid primers 
comprise at least one non-complementary nucleotide or nucleotide analog base, or 
at least one sequence thereof. 
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1 13. (NEW) The process of claim 1 12, wherein said specific nucleic acid primers 
further comprise from about 1 to about 200 noncomplementary nucleotide or 
nucleotide analogs. 

1 14. (NEW) The process of claim 113, wherein said noncomplementary 
nucleotide or nucleotide analogs in said specific nucleic acid primers comprise from 
about 5 to about 20 nucleotides. 

1 1 5. (NEW) The process of claim 1 1 2, wherein said noncomplementary base 
sequence or sequences are linked together by other than a phosphodiester bond. 

1 16. (NEW) The process of claim 91, wherein said nucleic acid producing catalyst 
comprises DNA polymerase, reverse transcriptase, or both. 

1 17. (NEW) The process of claim 91, wherein siad nucleic precursors or said 
specific primers or both are modified by at least one intercalating agent. 

1 1 8. (NEW) The process of claim 91 , further comprising the step (d) of detecting 
the product produced in step (c). 

119. (NEW) The process of claim 118, wherein said detecting step (d) is carried 
out by means of incorporating into the product a labeled primer, a labeled 
precursor, or a combination thereof. 

120. (NEW) The process of claim 91 , further comprising the step of regenerating 
said one or more specific nucleic acid primers. 

* it * * ^ * * 
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REMARKS 



This application is a continuation application of U.S. Patent Application Serial 
No. 09/727,349, filed on November 30, 2000. 

In this application, new claims 91-1 20 have been added in place of claim 1 , 
the latter now having been canceled above. The above added claims 91-120 
correspond in large part to claims 1 -30, which latter claims were pending and 
canceled in the parent, U.S. Patent Application Serial No. 09/727,349, filed 
November 30, 2000. 

The fee for adding new claims 91-120 is $90 based upon the presentation of 
10 claims above the 20 claims paid for in the basic filing fee [10 claims X $9 = 
$90]. The United States Patent and Trademark Office is hereby authorized to 
charge the requisite $90 claim fee to Deposit Account No. 05-1 1 35. No other fee 
or fees are believed due in connection with this continuation request. In the event 
that any other fee or fees are due, however, authorization is hereby given to charge 
the amount of any such fee(s) to Deposit Account No. 05-1 1 35, or to credit any 
overpayment thereto. 

Early and favorable action is respectfully requested. 

-Respectfully ^bmitted, 

idus 

Registration No. 32,567 
Attorney for Applicants 



ENZO LIFE SCIENCES, INC. 
c/o ENZO BIOCHEM, INC. 
527 Madison Avenue, 9'^ Floor 
New York, NY 10022-4304 
Telephone: (212) 583-0100 
Facsimile: (212) 583-0150 
Attorney's Docket: Enz-52(C2) 
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NOVEL PROCESS, CONSTRUCT AND CONJUGATE FOR PRODUCING 
MULTIPLE NUCLEIC ACID COPIES 

FIELD OF THE INVENTION 

This invention relates to the field of in vitro and in vivo 
production of nucleic acid production and to nucleic constructs and 
protein-nucleic acid conjugates for use in such production. 

All patents, patent publications, scientific articles, and 
videocassettes cited or identified in this application are hereby 
incorporated by reference in their entirety in order to describe more 
fully the state of the art to which the present invention pertains. 

BACKGROUND OF THE INVENTION 

Current methodology cited heretofore in the literature relating to 
amplification of a specific target nucleic acid sequence in vitro 
essentially involve 2 distinct elements: 

1. repeated strand separation or displacement or a specific 
"intermediate" structure such 1^'$; a promoter sequence linked to the 
primer or introduction an ^-assymetric restrictrion site not originally 
present in the nucleic acid target; followed by 
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2. production of nucleic acid on the separated strand or from an 
"intermediate" structure. 

Separation can be accomplished thermally or by enzymatic means. 
Following this separation, production is accomplished enzymatically 
using the separated strands as templates. 

Of the established amplification procedures. Polymerase Chain 
Reaction (PGR) is the most widely used. This procedure relies on 
thermal strand separation, or reverse transcription of RNA strands 
followed by thermal dissociation. At least one primer per strand is 
used and in each cycle only one copy per separated strand is produced. 
This procedure is complicated by the requirement for cycling 
equipment, high reaction temperatures and specific thermostable 
enzymes. (Saiki. et al.. Science 2M:1350-1354 (1985); K/lullis and 
Faloona. Methods in Enzymology 155 : 335-351 (1987); U.S. Patent Nos. 
4.683.195 and 4,883,202). 

Other processes, such as the Ligase Chain Reaction (LCR) 
(Backman. K., European^ Patent Application Publication No. 0 320 308; 
Landegren, U.. et aL Science 241 1077 (1988); Wu. D. and Wallace. R.B. 
Genomics 4 560 (198.9);..Barany. F. Proc. Nat.. Acad. Sci USA 88:189 
(1991)). and Repair Chain Ligase Reaction (RLCR) or Gap Ligase Chain 
Reaction (GLCR) (Backmaa-rK: et al. (1991) European Patent 
Application Publication No. 0 439 182 A; Segev, D. (1991) European 
Patent Application Publication No. 0 450 594) also use repeated 
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thermal separation of the strands and each cycle produces only one 
ligated product. These procedures are more complicated than PGR 
because they require the use of an additional thermostable enzyme such 
as a ligase. 

More complicated procedures are the Nucleic Acid Sequence Based 
Amplification (NASBA) and Self Sustained Sequence Reaction (SSR) 
amplification procedures. (Kwoh. D,Y. et a!.. Proc Nat Acad Sci., USA., 
M:1173-1177 (1989); Guatelli.J.C. et al.. 1990 Proc Nat Acad Sci.. USA 
87:1874-1878 (1990) and the Nucleic Acids Sequence Based 
Amplification (NASBA) (Kievits.T., et al J. Virol. Methods 35.:273-286 
(1991); and Maiek, LT., U.S. Patent No, 5,130,238). These procedures 
rely on the formation of a new "intermediate" structure and an array of 
different enzymes, such as reverse transcriptase, ribonuclease H, T7 
RNA polymerase or other promotor dependant RNA polymerases and they 
are further disadvantaged by the simultaneous presence of ribo- and 
deoxy ribonucleotide tripohsphates precursors. 

For the intermediate construct formation, the primer must 
contain the promotor for Ihe DNA dependent RNA polymerase. The 
process is further complicated because the primer is, by itself, a 
template for the RNAr^polyfrierase. due to its single-stranded nature. 



Displacement Amplification (SDA) (Walker, G.T. and Schram, J.L., 
European Patent Application Publication No. 0 500 224 A2; Walker, G.T. 



The last of the majofA.- 




ion procedures is Strand 
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et al. European Patent Application No. 0 543 612 A2; Walker, G.T., 
European Patent Application Publication No. 0 497 272 A1; Walker, G.T. 
et a!., Proc Natl Acad Sci USA 89:392-396 (1992); and Walker, G.T. et 
al., Nuc Acids Res. 20:1691-1696 (1992)). The intermediate structure 
of this procedure is formed by the introduction of an artificial 
sequence not present in the specific target nucleic acid and which is 
required for the assymetric recognition site of the restriction enzyme. 
Again this procedure involves more than one enzyme and the use of thio 
nucleotide triphosphate precursors in order to produce this assymetric 



site necessary for the production step of this amplification scheme. 

The random priming amplification procedure (Hartley, J.L., U.S. 
Patent No. 5,043,272) does not relate to specific target nucleic acid 
amplification. 

Probe amplification systems have been disclosed which rely on 
either the amplification of the probe nucleic acid or the probe signal 
following hybridization between probe and target. As an example of 
probe amplification is the Q-Beta Replicase System (Q3) developed by 
Lizard! and Kramer and Jheir colleagues. QR amplification is based 
upon the RNA-depehdent RNA polymerase derived from the 
bacteriophage QB. TJiis enzyme can synthesize large quantities of 
product strand from a smeill amount of template strand, roughly on the 
order of 10^ to 10^ (million tb>S)iinon) increases. The Qf3 replicase 
system and its replicatable RNA probes are described by Lizardi et al., 
"Exponential amplification of recombinant RNA hybridization probes," 
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Biotechnologv 6:1197-1202 (1988); Chu et aL, U.S. Patent No. 
4,957,858; and well as by Keller and Manak ( DNA Probes . MacMillan 
Publishers Ltd, Great Britain, and Stockton Press (U.S. and Canada, 
1989, pages 225-228). As discussed in the latter, the Q3 replicase 
system Is disadvantaged by non-specific annplification, that is, the 
amplification of non-hybridized probe material, which contributes to 
high backgrounds and low signal-to-noise ratios. Such attendent 
background .significantly reduces probe amplification from its potential 
of a billion-fold amplification to something on the order of 10^(10,000 
fold), in addition, the Q beta amplification procedure is a signal 
amplification - and not a target amplification. 

In vivo 

Literature covering the introduction of genes or antisense nucleic 
acids into a cell or organism is very extensive (Larrick, J.W. and Burck, 
K. Gene Therapy Elsevier Science Publishing Co., Inc. New York (1991); 
Murray, J.A.H. ed Antisense RNA and DNA, Wiley-Liss, Inc., New York 
(1992)). The biologicaLJunction of these vectors generally requires 
inclusion of at least one host polymerase promoter. 

The present invention a§ it relates to in vitro and in vivo 
production of nucleic acids 4s;ib^^ on novel processes, constructs and 
conjugates which overcome the complexity and limitations of the 
above-mentioned documents. 
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SUMMARY OF THE INVENTION 



The present invention provides an in vitro process for producing 
more than one copy of a specific nucleic acid in which the process is 
independent of any requirement for the introduction of an intermediate 
structure for the production of the specific nucleic acid. The process 
comprises three steps, including (a) providing a nucleic acid sample 
containing or suspected of containing the sequence of the specific 
nucleic acid; (b) contacting the sample with a three component reaction 
mixture; and (c) allowing the mixture to react under isostatic 
conditions of temperature, buffer and ionic strength, thereby producing 
more than one copy of the specific nucleic acid. The reaction mixture 
comprises: (i) nucleic acid precursors, (ii) one or more specific nucleic 
acid primers each of which is complementary to a distinct sequence of 
the specific nucleic acid, and (iii) an effective amount of a nucleic acid 
producing catalyst. 

In another aspect, the present invention provides an in vitro 
process for producing more than one copy of a specific nucleic acid in 
which the products are. substantially free of any primer-coded 
sequences. Such a process comprises the following steps, including (a) 
providing a nucleic acid Sample containing or suspected of containing 
the sequence of the spBdfi^nucIeic acid; (b) contacting the sample 
with a three component rnjxlure (the mixture comprising (i) nucleic 
acid precursors, (ii) one or more specific polynucleotide primers 
comprising at least one ribonucleic acid segment each of which primer 
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is substantially complementary to a distinct sequence of the specific 
nucleic acid, and (iii) an effective amount of a nucleic acid producing 
catalyst); and (c) allowing the mixture to react under isostatic 
conditions of temperature, buffer and ionic strength, thereby producing 
at least one copy of the specific nucleic acid; and (d) removing 
substantially or all primer-coded sequences from the product produced 
in step (c). By removing such sequences, a primer binding site is 
regenerated, thereby allowing a new priming event to occur and 
producing more than one copy of the specific nucleic acid. 

The present invention also provides an in vitro process for 
producing more than one copy of a specific nucleic acid in which the 
products are substantially free of any primer-coded sequences. In the 
steps of this process, said process comprising a nucleic acid sample 
containing or suspected of containing the sequence of the specific 
nucleic acid is provided, and contacted with a reaction mixture. The 
mixture comprises (i) unmodified nucleic acid precursors, (ii) one or 
more specific chemically-modified primers each of which primer is 
substantially complementary to a distinct sequence of said specific 
nucleic acid, and (iii) an effective amount of a nucleic acid producing 
catalyst. The mixture thus contacted is allowed to react under 
isostatic conditions of temperature, buffer and ionic strength, thereby 
producing at least one copy :of the specific nucleic acid. In a further 
step, substantially or all primer-coded sequences from the product 
produced in the reacting step is removed to regenerate a primer binding 
site. The regeneration of a primer binding site thereby allows a new 
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priming event to occur and the production of more than one copy of said 
specific nucleic acid. 

An additional provision of the present invention is an in vitro 
process for producing more than one copy of a specific nucleic acid in 
which the products are substantially free of any primer-coded 
sequences, in this instance, the process comprises the steps of: (a) 
providing a nucleic acid sample containing or suspected of containing 
the sequence of the specific nucleic acid; and (b) contacting the sample 
with a reaction mixture (the mixture comprising (i) unmodified nucleic 
acid precursors, (ii) one or more specific unmodified primers 
comprising at least segment each of which primer comprises at least 
one non-complementary sequence to a distinct sequence of the specific 
nucleic acid, such that upon hybridization to the specific nucleic acid, 
at least one loop structure is formed, and (iii) an effective amount of a 
nucleic acid producing catalyst). The mixture so formed is allowed to 
react in step (c) under isostatic conditions of temperature, buffer and 
ionic strength, thereby producing at least one copy of the specific 
nucleic acid; which step is followed by (d) removing substantially or 
all primer-coded sequences from the product produced in step (c) to 
regenerate a primer binding site. The regeneration of a primer binding 
site thereby allows a hew. pViming event to occur and the production of 
more than one copy of said s^cific. nucleic acid. 

Another embodiment of the present invention concerns a 
promoter-independent non-naturaily occurring nucleic acid construct 
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which when present in a cell produces a nucleic acid without the use of 
any gene product coded by the construct. 

In yet another ennbodiment. the present invention provides a 
conjugate comprising a protein-nucleic acid construct in which the 
nucleic acid construct does not code for said protein, and which 
conjugate produces a nucleic acid when present in a cell. 

The present Invention also has significant in vivo applications. In 
one such application, an in vivo process is provided for producing a 
specific nucleic acid. The in vivo process comprises the steps of (a) 
providing a conjugate comprising a protein-nucleic acid construct, the 
conjugate being capable of producing a nucleic acid when present in a 
cell; and (b) introducing such a conjugate into a cell, thereby producing 
the specific nucleic acid. \ 

Another significant aspect of the present invention relates to a 
construct comprising a host promoter located on the construct such 
that the host transcribes a sequence in the construct coding for a 
different RNA polymerase, which after translation is capable of 
recognizing its cognate promoter and transcribing from a DNA sequence 
of interest from the construct with the cognate promoter oriented such 
that it does not promote trangcription from the construct of the 
different RNA polymerase. -i^-Z^'^ 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 (A-F) depicts various nucleic acid construct forms 
contemplated by the invention in which at least one single-stranded 
region are located therein. 

Figure 2 (A-F) depicts the functional forms of the nucleic acid 
constructs illustrated in Figure 1 (A-F). 

Figure 3 (A-C) is an illustration of three nucleic acid constructs 
with an RNA polymerase covalently attached to a transcribing cassette. 

Figure 4 (A-C) illustrates three nucleic acid constructs with 
promoters for endogenous RNA polymerase. 

Figure 5 is a nucleic acid sequence for M13mp18. 

Figure 6 shows the sequence and the positions of the primers 
derived from M13mp18 which wjere employed in the present invention 
for nucleic acid production. 

Figure 7 illustrates app^.priate restriction sites in M13mp18, 
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Figure 8 is an agarose gel with a lane legend illustrating the 
experimental results in Example 5 in which amplification of the M13 
fragment was carried out in the presence of a large excess (1500 fold) 
of irrelevant DNA. 

Figure 9 is an agarose gel with a lane legend illustrating the 
results in Example 8 in which the effect of variations of reaction 
conditions on- the product obtained in Example 3 was Investigated. 

Figure 10 is an agarose gel with a lane legend that illustrates the 
results of a qualitative analysis of the effects observed in Example 9 
of various buffers on the amplification reaction in accordance with the 
present invention. 

Figure 11 is a southern blot (with lane legend) obtained from 
Example 10 in which two buffers, DMAB and DMG, were separately 
employed in nucleic acid production. 

Figure 12 is an agarose gel and lane legend obtained in Example 
11 in which the nature of-jhe ends of amplified product was 
investigated. 

Figure 13 is an agarose^el obtained in Example 12 in which 
amplification from non-denatured template was examined. 
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Figure 14 is an agarose gel obtained in Example 13 in which 
amplification from an RNA template was examined. 

Figure 15 is a southern blot of the gel obtained in Figure 14. 

Figure 16 is a fluorescence spectrum illustrating the results 
obtained in Example 14 in which the phenomenon of "strand 
displacement" using ethidium-labeled oligonucleotides in accordance 
with the present invention was investigated. 

Figure 17 is a fluorescence spectrum illustrating the results 
obtained in Example 15 in which a T7 promoter oligonucleotide 50 mer 
labeled with ethidium was employed to study its effects on in vitro 
transcription by T7 and T3 polymerases from an IBI 31 plasmid (pIBI 
31-BH5-2) and from a BlueScript II plasmid construct (pBSI!//HCV). 

Figure 18 depicts the polylinker sequences of the IBI 31 plasmid 
(pIBI 31-BH5-2) and the BlueScript II plasmid construct (pBSII//HCV). 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention describes novel methods and constructs for 
production of multiple copies of specific nucleic acid sequences in 
vitro and in vivo 

One aspect of this invention represents an in vitro process for 
the production of more than one copy of nucleic acid from specific 
target nucleic acid (either DNA or RNA) sequences utilizing a biological 
catalyst, e.g., a DNA polymerase, primer oligonucleotides 
complementary to sequences (primer sites) in the target nucleic acid. 
The production process can proceed in the presence of a large excess of 
other nucleic acids and does not require thermal cycling or the 
introduction of specific intermediate constructs such as promoters or 
assymetric restriction sites, etc. 

More particularly, this invention provides an in vitro process for 
producing more than one copy of a specific nucleic acid, the process 
being independent of a requirement for the introduction of an 
intermediate structure for the production of any such specific nucleic 
acid. The in vitro production process comprises the steps of: (a) 
providing a nucleic acjd sample containing or suspected of containing 
the sequence of the specif'ic nijcleic acid; (b) contacting the sample 



mixture to react under isostatic conditions of temperature, buffer and 
ionic strength, thereby producing more than one copy of the specific 




allowing the thus-contacted 
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nucleic acid. The three component mixture just alluded will generally 
comprise (i) nucleic acid precursors, (ii) one or more specific nucleic 
acid primers each of which is complementary to a distinct sequence of 
the specific nucleic acid, and (iii) an effective amount of a nucleic acid 
producing catalyst. In other aspects, the specific nucleic acid may be 
single-stranded or double-stranded, and may take the form of 
deoxyribonucleic acid, ribonucleic acid, a DNA.RNA hybrid or a polymer 
capable of acting as a template for a nucleic acid polymerizing 
catalyst. 

In addition, the specific nucleic acid can be in solution in which 
case the above-described in vitro process may further comprise the 
step of treating the specific nucleic acid with a blunt-end promoting 
restriction enzyme. Further, isolation or purification procedures can 
be employed to enrich the specific nucleic acid. Such procedures are 
well-known in the art, and may be carried out on the specific nucleic 
acid prior to the contacting step (b) or the reacting step (c). One means 
of isolation or purification of a nucleic acid involves its 
immobilization, for example, by sandwich hybridization (Rank! et a!., 
1983), or sandwich capture. ^.Particularly significant in the latter 
methodology is the disclosure of Engelhardt and Rabbani, U.S. Patent 
Application Serial No:.. 07/968,706, filed on October 30, 1992, entitled 
"Capture Sandwich Hybridjza^on Method and Composition," now 
allowed, that was published^ras European Patent Application Publication 
No. 0 159 719 A2 on October 30, 1985. The contents of the foregoing 
U.S. patent application is incorporated herein by reference. 
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The target nucleic can be be present in a variety of sources. For 
purposes of disease diagnosis these would include blood, pus, feces, 
urine, sputum, synovial fluid, cerebral spinal fluid, cells, tissues, and 
other sources. The production process can be performed on target 
nucleic that is present in samples which are free of interfering 
substances, or the production process can be performed on target 
nucleic acid separated from the sample. The nucleic acid can be in 
solution or bound to a solid support. While the replication process can 
be carried out in the presence of nonrelevant nucleic acids, certain 
applications may require prior separation of the target sequences. 
Methods such as sandwich hybridization or sandwich capture referenced 
above can then be applied to immobilize target sequences. In such 
instances where sandwich hybridization or sandwich capture is carried 
out. the above-described in vitro process may further comprise the 
step of releasing the captured nucleic acid, e.g., by means of a 
restriction enzyme. 

As described above, the target sequence need not be limited to a 
double-stranded DNA molecule. - Target molecules could also be single 
stranded DNA or RNA. For example, replication of a single-stranded 
target DNA could proceed using primers complementary to both the 
single-stranded DNA target.^art|,,^'1o the produced complementary 
sequence. Following the initial synthesis of the complementary 
sequence DNA, production from this strand would begin. RNA can serve 
as the template using a DNA polymerase t, e.g., Klenow, which can 
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reverse transcribe under conditions that have been described (Karkas, 
J.D. et a!., Proc Nat Acad Sci U.S.A. 69:398-402 (1972)). 

In case the target nucleic acid is double stranded, a restriction 
digest or sonication, partial endonuclease treatment or denaturation 
could be employed for the preparation of the target nucleic acid before 
the onset of amplification. 

An aspect of this invention concerns its use in determining 
whether a specific target nucleic acid was derived from a living or a 
deceased organism. To make such a determination, one could in parallel 
amplify and detect the presence of a specific target DNA or a specific 
target RNA associated with the genomic makeup of the organism; and 
thereafter amplify and detect the presence of a specific RNA target 
associated to the biological function (living function) of the organism 
which does not survive if the organism is deceased. 

The nucleic acid precursors contemplated for use in the present 
invention are by and large well-known to those skilled in the art. Such 
precursors may take the form,.of nucleoside triphosphates and 
nucleoside triphosphate analogs, or even combinations thereof. More 
particularly, such ncrclepslde triphosphates are selected from 
deoxyadenosine 5'-triphosptete, deoxyguanosine 5'-triphosphate. 
deoxythymidine 5'-triphosphate, deoxycytidine 5'-triphosphate, 
adenosine 5'-triphosphate, guanosine 5'-triphosphate, uridine 5'- 
triphosphate and cytidine 5'-triphosphate, or a combination of any of 
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the foregoing. Such nucleoside triphosphates are widely available 
commercially, or they may be synthesized by techniques or equipment 
using commercially available precursors. 

In the case where the nucleic acid precursors comprise 
nucleoside triphosphate analogs, these are also widely available from a 
number of commercial sources, or they may be manufactured using 
known techniques. Such nucleoside triphosphate analogs can be in the 
form of naturally occurring or synthetic analogs, or both. 

It should not go unrecognized or even unappreciated that the 
foregoing nucleoside triphosphate and nucleoside triphosphate analogs 
can be unmodified or modified, the latter involving modifications to the 
sugar, phosphate or base moieties. For examples of such modifications, 
see Ward et al., U.S. Patent No. 4,711,955; Engelhardt et al.. U.S. Patent 
No. 5,241,060; Stavrianopoulos, U.S. Patent No. 4,707.440; and Wetmur. 
Quartin and Engelhardt. U.S. Patent Application Serial No. 07/499,938. 
filed on March 26, 1990, the latter having been disclosed in European 
Patent Application Serial No. 0 450 370 A1, published on October 9, 
1991. The contents ofjhe foregoing U.S. patents and patent application 
are incorporated by their entirety into the present application. 

The primers, one or rr^g/e, described herein bind to specific 
sequences on the target nuclfeic acids and initiate the polymerizing 
reaction. While oligo deoxynucleotide primers may be preferred, 
polydeoxynucleotide as well as oligo and polyribonucleotide or 
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nucleotide copolymer primers can be used (Kornberg. A. and T. A. Baker, 
second edition. 1992, W.H. Freeman and Co. New York, Karkas. J.D., 
PNAS 69:2288-2291 (1972); and Karkas. J,D. et a!., Proc. Natl. Acad. Sci. 
U.S.A. £9:398-402 (1972)). Thus, the specific nucleic acid primers may 
be selected from deoxyribonucleic acid, ribonucleic acid, a DNA.RNA 
copolymer, or a polymer capable of hybridizing or forming a base- 
specific pairing complex and initiating nucleic acid polymerization. 
Under conditions where the primer is an oligoribonucleotide or 
copolymer, the primer can be removed from its cognate binding site 
using specific enzymatic digestion (e.g.. RNase H, restriction enzymes 
and other suitable nucleases) such that another primer can bind and 
initiate synthesis. This can be used as a system for the multiple 
initiation of the synthesis of polynucleotide or oligonucleotide product. 

Modifications, including chemical modifications, in the 
composition of the primers would provide for several novel variations 
of the invention. See, for example. U.S. Patent Nos. 4,711,955; 
5.241,060; 4,707.440; and U.S. Patent Application Serial No. 
07/499,938. supra. For example, substitution of the 3' hydroxyl group 
of the primer by an isoteric configuration of heteroatoms, e.g.. a 
primary amine or a'thiol group, would produce chemically cieavable 
linkers. In the case^f thijol excess of another thiol in the reaction 
mixture will cleave the'^pfrosphorothioate linkers which is formed after 



reinitiate polymerization with the same primer. Thus, in this variation 




allowing the DNA polymerase to 
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repeated syntheses can begin from a modified, hybridized primer 
providing a significant increase in the synthesis of DNA. 

In another aspect of the invention, the specific nucleic acid 
primers are not substantially complementary to one another, having for 
example, no more than five complementary base-pairs in the sequences 
therein. 

In another variation, the primer could contain some 
noncomplementary sequences to the target, whereupon hybridization 
would form at least one loop or bubble which could be used as a 
substrate for a specific endonuclease such that the primer could be 
removed from the target by enzymatic digestion thus allowing 
reinitiation. Furthermore, the primer could contain additional 
sequences noncomplementary to the target nucleic acid. Thus, the 
specific nucleic acid primers may comprise at least one non- 
complementary nucleotide or nucleotide analog base, or at least one 
sequence thereof. The range of non-complementarity may range in 
some cases from about 1 to about 200 noncomplementary nucleotide or 
nucleotide analogs, and Jn othe/ cases, from about 5 to about 20 
nucleotides. Such noncomplementary base sequence or sequences can 
be linked by other than a phosphodiester bond. 



intended to cover any agent, biological, physical or chemical in nature, 
that is capable of adding nucleotides (e.g.. nucleoside triphosphates. 




lucing catalyst" is 
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nucleoside triphosphate analogs, etc.) to the hydroxyl group on the 
terminal end of a specific primer (DNA or RNA) using a pre-existing 
strand as a template. A number of biological enzymes are known in the 
art which are useful as polymerizing agents. These include, but are not 
limited to E^xioli DNA polymerase I, Klenow polymerase (a large 
proteolytic fragment of E^^iM DNA polymerase I), bacteriophage T7 
RNA polymerase, and polymerases derived from thermophilic bacteria, 
such as Thermus aquaticus . The latter polymerase are known for their 
high temperature insensitivity, and include, for example, the Tag DNA 
polymerase L A thermostable Taq DNA polymerase is disclosed in 
Gelfand et al.. U.S. Patent No. 4,889,818. Preferred as a polymerizing 
agent in the present invention is the Taq DNA Polymerase I. Many if not 
all of the foregoing examples of polymerizing agents are available 
commercially from a number of sources, e.g., Boehringer-Mannheim 
(Indianapolis, IND). Particularly suitable as nucleic acid producing 
catalysts are DNA polymerase and reverse transcriptase, or both. As 
used herein, "the effective amount" of the nucleic acid producing 
catalyst is an art-recognized term reflecting that amount of the 
catalyst which will allow for polymerization to occur in accordance 
with the present invention. 

Since the rate-and '^extent of hybridization of the primers is 
dependent upon the stahdar^ conditions of hybridization (Wetmur, J.G, 
and Davidson, N. J., Mol. Biqi:v5 1:349 (1968)), the concentration and 
nucleotide sequence complexity of the total primers added to the 
reaction mixture will directly affect the rate at which they hybridize 
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and accordingly the extent to which they will initiate nucleic acid 
synthesis. In addition, if the reaction is run under conditions where the 
guanosine triphosphate is replaced by inosine triphosphate or other 
modified nucleoside triphosphates such that the presence of this 
modified nucleotide in the product nucleic acid would lower the 
melting temperature of the product:template double helix, then at any 
given temperature of the reaction the extent of breathing of the double 
helix will be increased and the extent of binding of the primers to the 
target strand will be enhanced. 

Furthermore, primers could displace the strands at the ends of 
the double stranded target and hybridize with one of the two strands 
and. this displacement hybridization reaction (or D loop formation 
reaction) is favored by adding more than one primer molecule. In 
general, as the total amount of the sequence complexity of the primers 
complementary to the target nucleic acid is increased a greater nucleic 
acid production is obtained (see Example 3 below). 

Modification of the primers could either increase or decrease the 
binding of primer to thejarget at a given pH, temperature and ionic 
strength, in other words, at isostatic conditions of pH, temperature and 
ionic strength, e.g., ionic, salt. Other primer modifications can be 
employed which would facilitate, polymerization from the primer sites, 
even when the initiation sitejs ;;within a double helix. For example, 
once an oligo primer is introduced into a target double stranded nucleic 
acid molecule, if such an oligo primer is modified with ethidium or any 
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moiety that increases the melting temperature of the double stranded 
structure formed by the oiigo and a target nucleic acid, it forms a 
relatively more stable single stranded structure because of the 
nucleotide modifications. This produces a primer initiation site. In 
fact, the nucleic acid precursors or the specific primers (or both) can 
be modified by at least one intercalating agent, such as ethidium, in 
which case it may be useful to carry out an additional step (d) of 
detecting any product produced in step (c), as set forth above. In such a 
step where desirable, detection can be carried out by means of 
incorporating into the product a labeled primer, a labeled precursor, or 
a combination thereof. 

Another additional aspect of the in vitro process, above- 
described, is the inclusion of a further step of regenerating one or more 
specific nucleic acid primers, as described elsewhere in this 
disclosure, including immediately below. 

As described in the summary of this invention, an in vitro process 
for multiple nucleic acid production is provided in which the products 
are substantially free of..any primer-coded sequences. In such process, 
the removing step (d) is carried out by digestion with an enzyme, e.g., 
ribonuclease H. In one aspect of this invention, the nucleic acid 
precursors are modified or unmodified in the instance where one or 



at least one ribonucleic acid segment and wherein each primer is 
substantially complementary to a distinct sequence of the specific 



more 




, the primers comprising 
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nucleic acid. Thus, the specific polynucleotide primers may further 
comprise deoxyribonucleic acid. In another feature of this particular in 
vitro process, the specific polynucleotide primers contain a 3'-hydroxyl 
group or an isoteric configuration of heteroatoms, e.g., nitrogen, sulfur, 
or both. In addition, the polynucleotide primers in this instance may 
further comprise from about 1 to about 200 noncomplementary 
nucleotide or nucleotide analogs. 

In yet a further in vitro process for producing more than one copy 
of a specific nucleic acid is provided (as described in the summary), 
the products being substantially free of any primer-coded sequences. 
In this instance, unmodified nucleic acid precursors are reacted in a 
mixture with one or more chemically-modified primers each of which 
is substantially complementary to a distinct sequence of the specific 
nucleic acid. An effective amount of a nucleic acid producing catalyst 
is also provided in the mixture. As in the case of the last-described in 
vitro process, the removing step (d) may be carried out by digestion 
with an enzyme, e.g., ribonuclease H. The specific chemically modified 
primers are selected, for example, from ribonucleic acid, 
deoxyribonucleic acid, a.pNA.RNA copolymer, and a polymer capable of 
hybridizing or forming a base-specific pairing complex and initiating 
nucleic acid polymerization, or a combination of any of the foregoing. 
The specific chemically modified primers may contain a 3'-hydroxyl 
group or an isosteric configuration of heteroatoms. N, S, or both, as 
described above in other in vitro processes. Further, the specific 
chemically modified primers can be selected from nucleoside 
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triphosphates and nucleoside triphosphate analogs, or a combination 
thereof, wherein at least one of said nucleoside triphosphates or 
analogs is modified on the sugar, phosphate or base. Also as in other in 
vitro processes, the specific chemically modified primers may further 
comprise from about 1 to about 200 noncomplementary nucleotide or 
nucleotide analogs. 

In still yet another of the in vitro processes for multiple nucleic 
acid production, described previously in the summary of this invention, 
unmodified nucleic acid precursors are provided in the mixture and 
reacting step (c), together with one or more specific unmodified 
primers comprising at least one segment, each of which primer 
comprises at least one non-complementary sequence to a distinct 
sequence of the specific nucleic acid, such that upon hybridization to 
the specific nucleic acid at least one loop structure is formed. As in 
the other instances, digestion with an enzyme, e.g., ribonuclease H. may 
be employed in the removing step (d). In one feature of this process, 
specific unmodified primers are selected from ribonucleic acid, 
deoxyribonucleic acid, a DNA.RNA copolymer, and a polymer capable of 
hybridizing or forming a -base-specific pairing complex and initiating 
nucleic acid polymerization, or a combination of any of the foregoing. 
Further, the specific unrnoclified primers may further comprise from 
about 1 to about 200 noncon^qptementary nucleotide or nucleotide 
analogs, in accordance withvthe present invention. 
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The rate of hybridization of the primer to target nucleic acids 
and, in particular, to target double stranded nucleic acids can be 
facilitated by binding of the primer with various proteins, e.g.. rec A 
proteins. For example, if the primer is modified with an Intercalating 
agent, e.g., ethidlum (or any moiety that Increases the melting . 
temperature of the double stranded structure), the addition of this 
primer to or with a protein such as rec A, either free or bound, would 
facilitate the. introduction of the primer into the double stranded 
target. (Kornberg and Baker, supra, pages 797-800). This could produce 
a suitable primer initiation site. 

The arrangement of primer binding sites on the template nucleic 
acid can be varied as desired. For example, the distance between 
successive primer binding sites on one strand can also be varied as 
desired. Also specific primers can be employed that initiate synthesis 
upstream of the sequence sought to be copied. Under this scenario, 
multiple copies of nucleic acid are made without successive 
denaturation or use of other enzymes or the introduction of 
intermediate structures for their production. 

When primer sites on double stranded DNA are arranged as shown, 
specific DNA production is'Mncreased. 




5' 
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When the target sequences are substantially covered by their 
complementary primers, a further increase in the production of 
multiple copies of nucleic acid is favored due to the increase in 
initiation points and destabilization of the double stranded template 
molecule. 

Finally-, if an oligo is modified such that it will form a stable 
hybrid, even in the presence of the complementary nucleic acid strand, 
then the modified oligo can act as a 'helper' oligo. 'Helper' oligo in this 
context is defined as a oligo that does not necessarily act as a primer 
but will accelerate the binding and priming activity of other oligos in 
the vicinity to the binding site of the 'helper' oligo. Vicinity is here 
being defined as the location of a nucleotide sequence or the 
complementary nucleotide sequence close enough to the binding site of 
the 'helper' oligo to have the rate or extent of hybridization of the 
primer affected by the binding of the 'helper' oligo. The 'helper' oligo 
can be modified such , that it does not initiate polymerization as for 
example through the use of a dideoxy 3' terminal nucleotide or other 
nucleotide with blocked. 3' ends. The 'helper' oligo can also be modified 
in such a manner that the double helix formed by the 'helper' oligo and 
the target nucleic acid strand or the 'helper' and the complementary 
strand to the target strand i^,more stable or has a higher melting 
temperature than the equiijalerit double helix of unmodified 'helper' 
oligo and the target or the strand complementary to the target strand. 
Such modifications can include halogenation of certain bases, ethenyl 
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pyrimidines {C:C triple bonds, propyne amine denVatives; the addition 
of ethidium or other intercalating molecules (see Stavrianopoulos and 
Rabbani. U.S. Patent Application Serial No. 07/956,566, filed on October 
5, 1992, the contents of which are incorporated herein by reference and 
which were disclosed in European Patent Application Publication No. 0 
231 495 A2. published on August 12. 1987); the supplementation of the 
oligo with certain proteins that stabilize the double helix and any other 
treatment or procedure or the addition of any other adduct that serves 
to stabilize the portion of the double helix with the 'helper' bound or to 
increase the melting temperature of portion of the double helix with 
the 'helper' bound. 

In vivo Synthesis of Nucleic Acid 

This invention describes a casette or nucleic acid construct into 
which any nucleic acid sequence can be inserted and which can be used 
as a template for the production of more than one copy of the specific 
sequence. This cassette is a nucleic acid construct containing a 
sequence of interest, which within or present within, the cell produces 
nucleic acid product which is independent or only partially dependent 
on the host system. Th.e .cassette or nucleic acid construct may be 
characterized as a promoter^ij^^ependent non-naturally occurring, and 
in one embodiment comprises-dbuble-stranded and single-stranded 
nucleic acid regions. This construct contains a region in which a 
portion of the opposite strands are not substantially complementary, 
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e.g., a bubble (even comprising at least one polyT sequence), or loop, or 
the construct comprises at least one single-stranded region. The 
construct is composed of naturally occurring nucleotides or chemically 
modified nucleotides or a synthetic polymer in part or a combination 
thereof. These structures are designed to provide binding of 
polymerizing enzymes or primers and the modifications provide for 
nuclease resistance or facilitate uptake by the target cell. 



Referring to the constructs (A-F) depicted in Figure '3'. the single 
stranded regions described in the constructs will contain coding 
sequences for nucleic acid primers present in the cell to facilitate 
initiation points of DNA polymerase in said xell. In the case of RNA 
polymerase, these constructs constitute promoter independent binding 
and initiation of RNA polymerase reaction. These constructs can be 
used in vitro and in vivo for production of nucleic acids. The position 
of the single stranded region adjacent to the double stranded specific 
sequence would provide a specific and consistent transcription of these 
specific sequences, both in vitro and in vivo independent of promoter. 
The replication (DNA) or transcription (RNA) products of these 
constructs can be single stranded nucleic acid, which could have a sense 
or antisense function or could be double stranded nucleic acid. 



Figure i-3(B), the two strands-rare noncomplementary at their ends, and 

thus do not form a bubble. In Figure 13(C). a double bubble is formed 

IP 

due to noncomplementarity at both ends. In Figure ^-3(0), a single- 




located in the construct. In 
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Stranded region is shown in the middle of the construct leading to a 
partially single-stranded region (and no bubble formation). Figure 
TSfEt depicts a bubble at one end of the construct (compare with the 
two bubbles in the construct shown in Figure 13(C)). In Figure 13(F), a 
single bubble in the middle of the construct is shown. It should be 
readily appreciated by those skilled in this art that the above-depicted 
embodiments are representative embodiments not intended to be 
limiting, particularly in light of the present disclosure. 

In vivo these constructs, with a specific primer present in the 
cell can initiate nucleic acid synthesis. When these primers are RNA, 
after initiation of nucleic acid synthesis, they can be removed by the 
action of ribonuclease H, thus vacating the primer binding sequence and 
allowing other primer molecules to bind and reinitiate synthesis. The 
cellular nucleic acid synthesizing enzymes can use these constructs to 
produce copies of a specific nucleic acid from the construct. Shown in 
Figure 14- (A-F) are corresponding illustrations of the constructs in 
Figure t^' (A-F), except that the production arrows (points and 
directions) are indicated. 

These constructs could contain more than one specific nucleic 
acid sequence which in tuiti could produce more than one copy of each 
specific nucleic acid sequenQ^.. If two independent nucleic acid 
products are complementafy;Shen they could hybridize and form 
muliple copies of a new double stranded construct that could have the 
properties of the novel construct. Furthermore they could contain 
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promotor sites such as the host promoter therefore serving as an 
independent nucleic acid production source (the progeny). 



The replication of this structure could result in the production of 
one strand of DNA product. Several alternative events may occur 
allowing for the formation of a second complementary strand. For 
example, a terminal loop could be inserted at the end of the construct 
such that the single stranded product will code for the synthesis of the 
complementary strand using the repair enzyme. Constructs can be made 
that produce single stranded DNA product that has a hairpin loop and 
therefore, can be used to form a double-stranded product. 
Alternatively, constructs can be formed that produce nucleic acid in 
both polarity. 



Replication Bubble 
with Nucleotide Analogs 




Primer-Dependent DNA Production 
Using Nucleic Acid Construct 
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Terminal 
Redundancy 



Hairpin Product 

An alternative approach to the production of double stranded 
product is to covalently iinl< two constructs that make compiementary 
DNA strands. 



Linked Replication 
Constructs 




Linked Complementary Production Constructs 



The construct can be made to contain a poly linker region into 
which any sequence^ can be cloned. The result will be a transient 
accumulation of expressing genes within the cell to deliver sense, 
antisense or protein or"£my other gene product into the target cell. 
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Polylinker 
Region 




Cloning Site in Production Constructs 



Other processes within the invention herein described apply to 
the production of more than one copy of functional genes or antisense 
DNA or RNA in target cells. 

Production of Primers 

Primers can be produced by several methods. Single-stranded 
oligonucleotides in the range from between from about 5 to about 100 
bases long, and preferably between from about 10 to about 40, and more 
preferably, between from about 8 to about 20 nucleotides. These 
ranges may further vary with optimally between from about 13 to about 
30 for bacterial nucleic acid, and optimally between from about 17 to 
about 35 for eul<aryote nucleotides would appear to be appropriate for 
most applications although it may be desirable in some or numerous 
instances to vary the length of the primers. Oligonucleotide primers 
can be most convenFently ^produced by automated chemical methods. In 
this way modified bases c^n^^f introduced. Manual methods can be used 
and may in some cases be-used in combination with automated methods. 
All of these methods and automation are known and available in the art. 
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In addition nucleic acid primers can be produced readily by the 
action of T7 RNA polymerase, T3 polymerase. SP6 polymerase or any 
appropriate DNA or RNA polymerase on DNA templates or RNA templates 
containing the primer sequences extended from the corresponding RNA 
polymerase promoter sites or other nucleic acid synthesis start 
signals. 

Detection of Products 

DNA produced by the invention described herein can be detected by 
a variety of hybridization methods using homogeneous or non- 
homogeneous assays. DNA produced in tissues or cells, i.e., in situ, can 
be detected by any of the practiced methods for in situ hybridization. 
These include, but are not limited to, hybridization of the produced DNA 
with a nucleic acid probe labeled with a suitable chemical moiety, such 
as biotin. Probes used for the detection of produced DNA can be labeled 
with a variety of chemical moieties other than biotin. These include 
but are not limited to fluorescein, dinitrophenoi, ethidium (see, for 
example, the disclosures of U.-S. 'Patent Nos. 4,711,955; 5,241,060; and 
4,707,440, supra). 

The hybridized, labeled^^^qucleic acid probe can be detected by a 
variety of means. These'-indude but are not limited to reaction with 
complexes composed of biotin binding proteins, such as avidin or 
streptavidin, and color generating enzymes, such as horseradish 
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peroxidase or alkaline phosphatase, which, in the presence of 
appropriate substrates and chromogens, yield colored products. 

In accordance with this invention, DNA production from target 
sequences generally requires nucleic acid precursors, e.g., adenosine 
triphosphate, guanosine triphosphate, thymidine triphosphate and 
cytosine triphosphate, present in sufficient quantity and concentration 
in the reaction mixture. In other applications it may be advantageous 
to substitute one or more of the natural precursors with modified 
nucleotides. For example, when the invention described herein is being 
applied to the detection of specific nucleic acid sequences, 
immobilization of the produced DNA may be desirable. In such an 
instance, substitution of one or more of the natural nucleotide 
triphosphate precursors with a modified nucleotide, e.g., biotinylated 
deoxyuridine triphosphate, in place of thymidine triphosphate, would 
yield biotin-labeled DNA. The produced DNA could be separated by its 
affinity for a biotin binding protein, such as avidin, streptavidin or an 
anti-biotin antibody. A variety of nucleoside triphosphate precursors 
(U.S. Patent Nos. 4,711,955; 5,241,060; and 4.707.440. supra) labeled 
with chemical moieties_,which include, but are not limited to, 
dinitrophenol and fluorescein, and which can be bound by corresponding 
antibodies or by other binding proteins can be used in this manner. In 
other aspects of the invehlion, the produced DNA can be isotopically 
labeled by the inclusion g|;isotopically labeled deoxynucleotide 
precursors in the reaction mixture. 



-35- 



Attorney'c socket No.: En2-52 



Labeled DNA, produced by the invention described herein, can 
function as probe nucleic acid to be used to detect specific target 
nucleic acid sequences. 

In certain detection formats the primers may be removed from 
the reaction mixture by capturing the product through direct capture 
(Brakel et al.. U.S. Patent Application Serial No. 07/998.660. filed on 
December 23. 1992, the contents of which have been disclosed in 
European Patent Application 0 435 150 A2. published on July 3, 1991; 
and the contents of'which are also incorporated by reference herein), or 
sandwich capture. (Engelhardt and Rabbani. allowed U.S. Patent 
Application Serial No. 07/968,706. supra), or by modifying the primers 
at the 3' end with biotin or imminobiotin without an arm or a very short 
arm such that the ayidin will recognize only the unincorporated primers 
(single stranded form) but not the incorporated due to the double 
stranded form and the short length of the arm. Additionally, the primer 
may be labeled with ethidium or other intercalating moiety, in this 
condition, the ethidium or other intercalating moiety may be 
inactivated (Stavrianopoulos, U.S. Patent Application Serial No. 
07/633,730, filed on December 24, 1990, published as European Patent 
Application Publication No. 0 492 570 A1 on July 1, 1992; the contents 
of which are incorporated By reference) in the unhybridized oligo and 
not in the hybridized oligdita^et. 



Another aspect of this invention herein described is to provide 
for a conjugate of a nucleic acid polymerizing enzyme (RNA 
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polymerase) with a nucleic acid construct said nucleic acid construct 
contains an initiation site such as a promoter site for the 
corresponding RNA polymerase which is capable of producing nucleic 
acid both in vivo and in vitro. The enzyme could be linked directly to 
the nucleic acid or through a linkage group substantially not interfering 
with its function or the enzyme could be linked to the nucleic acid 
indirectly by a nucleic acid bridge or haptene receptor where the 
enzyme is biotinylated and the nucleic acid construct contains an 
avidin or vice versa or when the nucleic acid construct contains 
sequences for binding proteins such as a repressor and an enzyme 
linked to said nucleic acid binding protein (U.S. Patent No. 5.241,060, 
supra, and Pergolizzi, Stavrianopoulps, Rabbani, Engelhardt, Kline and 
Olsiewski, U.S. Patent Application Serial No. 08/032,769. filed on 
March 16, 1993, published as European Patent Application Publication 
No. 0 128 332 A1 on December 19, 1984, the latter having been 
"allowed" by the European Patent Office, and further incorporated by 
reference herein). 

Further in regard to the just-described conjugate of the present 
invention, the protein in . one aspect comprises an RNA polymerase or a 
subunit thereof and the nucleic acid construct contains the 
corresponding RNA pplymdfrase promoter. The RNA polymerase can be 
selected from T7, T3 and Sfi.6,; or a combination of any of the foregoing. 
In another embodiment. th^.r'protein in the conjugate comprises DNA 
polymerase or reverse transcriptase and the nucleic acid construct 
contains at least one sequence complementary to an RNA molecule. The 
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construct can take the form of double-stranded, single-stranded, or 
even partially single-stranded. Further, the nucleic acid, construct in 
the conjugate may comprise at least one chemically modified 
nucleotide or nucleotide analog. The linkages of the protein to the 
construct are described in the preceding paragraph. The nucleic acid 
produced by or from this conjugate comprises deoxyribonucleic acid, 
ribonucleic acid, or combinations thereof, or it may be antisense or 
sense, or both. 

As described in the summary of the invention, the above- 
described conjugate may be utilized in an in vivo process for producing 
a specific nucleic acid. In other aspects of this in vivo process, the 
construct is further characterized as comprising (independently) at 
least one promoter, at least one complementary sequence to a primer 
present in the cell, or codes for the protein in the conjugate, or for a 
protein other than the protein in the conjugate. The other protein may 
comprise a nucleic acid polymerase. In the instant where the 
polymerase comprises an RNA polymerase, the nucleic acid construct 
may comprise a promoter for the RNA polymerase. Further, the 
polymerase can be a DfvJA polymerase or reverse transcriptase. 

(a) Direct Attachment of a -polymerase to the Construct 

For example, if a construct containing a RNA polymerase linked 
directly or indirectly to a DNA construct or cassette is introduced into 
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a cell, the RNA polymerase will transcribe the nucleic acid in the 
construct and is completely independent of any host RNA polymerases. 
Each molecule introduced into a cell will produce multiple copies of a 
segment of the construct. In the first iteration, the attached 
polymerase can produce the RNA for the target sequence itself, (See 
Figure 3 (A)). Alternatively, the promoter, specific for the attached 
polymerase, may be linked to two separate sequences, namely the 
polymerase- gene and the target gene. See Figure 3 (B). In this instance, 
the amount of polymerase initiating at the promoter site will increase 
as the polymerase gene is transcribed and translated. Finally, the 
coding sequence transcribed by the Ty promoter (or any specific first 
promoter) may produce any RNA polymerase (including Ty polymerase or 
polymerase III or ethers), and this polymerase may transcribe off of 
another or second promoter (or off of a different strength Ty or other 
first promoter) to produce the transcript of the target sequence, (See 
Figure 3 (C)). 

Referring to the constructs or cassettes shown in Figure 4 (A-C), 
these can be derived by using standard recombinant DNA techniques, 
The appropriate piece^pf DNA can be isolated and covalently attached to 
the RNA polymerase under conditions whereby the RNA polymerase 
functions after being covalently attached to a solid matrix (Cook, P.R 
and Grove, F. Nuc. Acids^Rg^.. 20:3591-3598. (1992)). Methods of 
modifying the ends of D6J.Aljnfio!ecules for attachment of chemical 
moieties are well known (see, for example, U.S. Patent Application 
Serial No. 08/032,769,. supra). The transcribed product can act per se 
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as sense or antisense RNA or it can be translated into protein. The 
enzyme and/or nucleic acid constructs could be modified to facilitate 
transport and/or achieve resistance to degrading enzymes (U.S. Patent 
No. 5.241,060, supra). 

(b) In vivo Amplification of Transcription 

Constructs can be made that are dependent upon transcription or 
replication using a host polymerase. When such a construct contains a 
double promoter, the second promoter can be different than the first 
promoter or it can be a stronger or weal<er version of the first 
promoter. Vectors can be chosen such that the constructs can either 
integrate into the chromosome, replicate autesomally or be 
replication-deficient and function only for transient expression. They 
can function in the nucleus or the cytoplasm if the target cell is 
eukaryotic. The figure below depicts various constructs or cassettes 
and is not limiting as to the possible variations contemplated by the 
present invention. 

Referring to" Figure 4 (A), the nucleic acid construct or cassette 
depicted in this figure contains a promoter that codes for the 
production of a polymerase^that is net endogenous to the target cell. 
For example, an SV40 or,RNX polymerase III promoter that cedes for a 
Ty RNA polymerase. Transcription and translation of these transcripts 
by cellular machinery results in the production of active T7 RNA 
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polymerase which will utilize the T7 promotor to transcribe the target 
sequence (Fuerst, T.R. et al.. Proc Nat Acad Sci USA 83:8122 (1986)) 
have shown high levels of transient expression using a dual construct 
systenn with the T7 RNA polymerase gene on one construct and the 
target gene behind the T7 promotor on the other construct. The 
simplest iteration of this construct is that the genes coding for the 
polymerase code for a polymerase that exists within the cell and 
therefore is not recognized by the host organism as a foreign protein 
and does not induce an immune response. 

In Figure 4 (B), an additional autocatalytic cycle has been added 
whereby the extent of transcription of the target gene is enhanced by 
the production of T7 RNA polymerase throughout the transient 
expression cycle. 

In Figure 4 (C), the construct or cassette is similar to Figure 4 
(B) with the additional element that there is a down regulation of the 
autocatalytic cascade by competition by a high efficiency promotor 
with a low efficiency transcriptional promotor. 



Three Constructs with- Promotors for Endogenous RNA Polymerase 

As described in the ,,sunfimary, the present invention further 
provides a construct comprising a host promoter located on the 
construct such that the host transcribes a sequence in the construct 
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coding for a different RNA polymerase which after translation is 
capable of recognizing its cognate promoter and transcribing from a 
DNA sequence of interest in the construct with the cognate promoter 
oriented such that it does not promote transcription from the construct 
of the different RNA polymerase. In one feature of this construct, the 
host promoter comprises a prokaryotic promoter, e.g.. RNA polymerase, 
or eukaryotic promoter, e.g., Pol I. Pol II, Pol III, or combinations 
thereof, such prokaryotic or eukaryotic promoter being located 
upstream from the host promoter. The second RNA polymerase may be 
selected from various members, including T7, T3 and SP6, or 
combinations thereof. The DNA sequence of interest may comprise 
sense or antisense, or both, or it may comprise DNA or RNA, or still yet, 
it may encode a protein. The construct may further comprise at least 
one chemically modified nucleotide. 

Additionally, promoters that will be read by polymerases within 
the target cell can be linked to the production of additional polymerase 
specific for that promoter or other promoters. The polymerases can be 
for example, T7 polymerase, RNA polymerase 111, or any other 
polymerase. A second .promotpr keyed sequence can be in the construct 
such that a second polynucleotide can be synthesized from the 
construct. It can codejo'f the production of antisense or sense RNA or 
DNA molecules. These congjrgcts or cassettes can be created using 
standard recombinant DN4.;tjichniques. 
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The property and structure of all nucleic acid constructs provided 
in accordance with this invention is applicable to each other in 
combination, in toto or in part. That is to say, in the conjugate 
comprising a protein and a nucleic acid construct, the construct could 
include, for example, chemical modification and bubble structure or 
single-stranded regions for primer binding sites or RNA initiation 
sites. Other variations would be recognized by those skilled in the art 
in light of \he detailed description of this invention. 

The examples which follow are set forth to illustrate various 
aspects of the present invention but are not intended to limit in any 
way the scope as more particularly set forth in the claims below. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

EXAMPLES 

Example 1 
Primgrs 

A set- of twenty single stranded oligonucleotide primers, fifteen 
nucleotides long, were chemically synthesized. 

The first set of 10 primers was complementary to one strand of 
M13mp18 replicative form (RF) starting at base 650 and extending to base 
341. An interval of 15 nucleotides separated successive primers. The 
second set of 10 primers contained sequences identical to the single- 
stranded M13mp18 phage genome starting at base 351 and extending to base 
635, again with 15 nucleotide gaps separating successive primers. There is 
a complementarity of 5 bases between opposing primers, but at an ionic 
concentration of 0.08M NaCI and 45°C these primers will not hybridize to 
each other. The sequences of the primers are shown in Figure 6. 

ARRANGEMENT OF OLIGONUCLEOTIDE PRIMERS IN AMPLIFICATION REACTION 

1 234 56789 10 
' >^ '» 

20 19 18 ; 16 15 14 13 "72" "vT 

Primer 1 begins at base 650 and primer 11 begins at base 351. 
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Example 2 

Amplification Target 

The target of amplification was the M13mp18 RF. This was digested 
with either Taq1 or a combination of SamH1 and EcoR1. EcoR1 and SamHI cut 
at sites close to each other and digestion with either enzyme alone would 
transform the circular RF molecule into a linear DNA molecule. The Taq^ 
enzyme digests M13mp18 RF yielding 12 fragments. The sequence to be 
amplified (nucleotides 351 to 650) was flanked in the BamH1/EcoR1 
digested RF by two regions, 1,371 bases and 5,601 bases, and Taql -digested 
M13mp18 RF was flanked by regions of 15 and 477 nucleotides (see Figure 7). 

In amplification experiments, the restriction digests were used 
without any further purification. For amplification, a control of irrelevant 
DNA (calf thymus) was employed. 

The precursors were added in 50|il aliquots. One 10}.il aliquot of the 
precursors was mixed.^with 90|jil H2O and loaded on a glass fiber filter, dried 
and counted. The counts were multiplied by 5 and divided by 160 (nmoles in 
the incubation mix). Specific activity is .the cpm/nmoles of nucleotides. 

Amplification is mea§.ur§d as follows. The total counts are determined 
and this number is divided by the specific activity of the precursors to 
determine the number of nanomoles of incorporation. The target (in n grams) 
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is divided by 330 (average molecular weight of nucleotide) to determine the 
nanomoles of input target phosphate. The amplification is then calculated by 
dividing the nanomoles of product by the nanomoles of input target. 

Example 3 

The Effect of Primer Concentration on the Amplification of Target DNA. 

An incubation mixture of 130 jil contained the following reaction 
components: 40 tr\M sodium phosphate. pH 7.5, 400 |iM each of the four 
deoxynucleotide triphosphates, 5 mM dithiothreitol. 40 ng of Taq1-digested 
r^13mp18 RF (containing 3.5 ng of the Taq^ fragment to be amplified), and all 
20 primers (at 0.04 OD/ml. 0.4 OD/ml or 0.8 OD/ml) and 15 units of Klenow 
fragment of DNA polymerase. The mixture was left at room temperature for 
20 minutes in order to allow the enzyme to cover all of the Initiation sites 
on the template. The polymerization was then initiated by the addition of 
Mg+'**, 7 mM final concentration, and the tubes were placed in a 45^*0 bath. 
After 1 hour an additional 15 units of the enzyme were added, and the 
incubation was continued for another hour. The reaction was stopped with 
100 limoles of EDTA, 100 jag sonicated calf thymus DNA were added, and the 
nucleic acids were precipitated with 1.0 ml of cold 10% TCA for 60 minutes 
at 0*C. The mixture was fUJered through a glass fiber filter, the filter was 
washed 3 times with cold ^5%:;TCA, then twice with ethanol, dried and counted 
in a Beckman liquid scintillation counter. 
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The specific activity of the nucleotide precursors was 9,687 
cpm/nmole. The tagged Taq1 DMA fragment contained 0.0106 nmoles of 
nucleotides. 

Primer Incorporation Incorporation Amplification 

Concentration (cpm) (nmoles nucleotide) 

0.04 OD/ml 32,482 3.35 316 

0.4OD/ml 366.260 37.8 3566 

0.8 OD/ml 512,260 52.88 4988 



Example 4 

The Random Priming Activity of the Primers on Calf Thymus DNA. 

To test for the effect of the primers on the background, an assay was 
performed, as described in the preceding example (Example 3 above), in 
which background was determined with and without primers as well as with 
and without melting of the calf thymus DNA. 

The amplification conditions were the same as in Example 1 except 
that only 5 ug (15.0 nmoi;es)^calf thymus DNA were used as a target. The DNA 
employed was double strande||,o^ heated at lOO^'C for 10 minutes in the 
presence or absence of primers' (0.4 OD/ml each) before being chilled on ice. 
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Double Melted Primers Incorporation Incorporation Amplifi- 

Stranded DNA cpm umoles cation 
DNA 

+ 239.100. 24.68 1.64 

+ + 276,540 28.54 1.90 

+ + 556.560 57.45 3.83 

+ 28.432 2.93 0.19 

This experiment suggests that the random priming activity of the 
primers is not substantial, that incorporation on double stranded DNA is due 
to the nicks on the DNA molecules, and that melting abolishes to a large 
extent the priming positions on the irrelevant DNA, 



Example 5 



Amplificiation of the M13 Fragment in the presence of a large Excess M50Q- 
Fold^ of Irrelevant DNA 

The amplification conditions were the same as in Example 1. Primers 
(0.4 OD/ml). 5 ug calf thymus DNA and 40 ng M13mp18 DNA containing 3.5 ng 
of fragment were employeci in this example. 
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Calf 

Thymus 

DMA 



M13nnp18 
DNA 



Incorporation 
cpm 



Incorporation 
nmoles 



Amplifi- 
cation 



+ 



575.440 



59.4 



3.96X 



+ 



338.900 



35.0 



3.300X 



+ 



+ 



713,440 



73.6 



The experimental results above show that the target can be amplified 
in the presence of large amounts of irrelevant DNA. The net amplification 
was 1.343 even though in this case the target DNA inhibits the amplification 
of the irrelevant DNA by competing for initiation points. It is possible that 
the amplification was even larger. 

These experimental results were also analyzed by running the samples 
on a 2% agarose gel. In Figure 8 it can be seen that the calf thymus template 
(lane 3) only gives high molecular weight DNA bands composed of a mixture 
of input DNA as well as DNA synthesized by random priming (as seen in the 
incorporation figures in the Table- above given for this example). On the other 
hand, it can be seen that the mp18 template (lane 2) gives a distinct pattern 
of lower molecular weight bands, and in lane 1, similar bands are observed 
when the mp18 template was mixed with 1500 times as much calf thymus 
DNA demonstrating that the foreign DNA did not significantly affect the 
amplificiation of DNA frojTvthe mp18 template. 
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Example 6 

Amplification of Different Restriction Digests 

The incubation conditions were the same as in Example 4. Forty 
nanograms of total M13mp18 DNA were used in each experiment with 0.4 
OD/ml primers. In one case, the M13mp18 DNA was cut in only one position 
(using EcoB1) leaving the fragment to be amplified flanked by two large 
pieces. In the other case where the RF was treated with Taq^, the fragment 
was contained in one 639 base pair fragment. The specific activity of the 
precursors was 8.385 cpm/nmole. 



Incorporation incorporation 
cpm nmoles 

Large Fragment . 393.480 46.92 

Small Fragment 262.808 31.34 

These experimental results show that the enzyme does not extend 
polymerization very far from the region where the primers hybridize, 
otherwise a much 4arger incorporation using the large piece would have been 
otherwise expected because the elongation of the primers by the enzyme can 
extend in both direction6> 
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Example 7 

A Comparison of Synchronized and Unsvnchronized Reactions 

In all of the preceding experiments, the enzyme was preincubated with 
the target-primer mixture to allow binding of the enzyme at the 3' end of the 
hybridized primers on the target, followed by the addition of magnesium to 
initiate polymerization. The conditions were the same as in Example 1. 

To assay the effect of this synchronization on the extent of the 
reaction, the incorporation in a synchronized reaction was compared to an 
unsynchronized reaction initiated by adding magnesium to the complete 
reaction mix before enzyme addition. The reaction conditions are described 
in Example 3. The specific activity was 9687 cpm/nmole. 



Incorporation 
cpm 



Incorporation 
nmoles 



Amplification 



Synchronized 



495,080 



51.1 



4818 



Unsynchronized 



416,380 



42.9 



4052 



The results above demonstrate that synchronization of the reaction is not 
essential for the amplification reaction. 
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Example 8 

The Effect of Variatinns of the Reaction Conditions on the Product Produced 
h y the Procedure of Example 3 

A reaction was performed according the the reaction conditions of 
Example 3 in which twenty primers were added to the reaction mixture as 
well as the Taq 1 fragments (40 nanograms, i.e., 3.5 nanograms of insert that 
will hybridize with the primers) described in Example 3 with the exception 
that the buffer was altered. In the first lane of the gel shown in Figure 9. 
the reaction was performed without target DNA added. In lane 2 the reaction 
was performed in a phosphate buffer (0.04 M. pH 7.5). Lane 3 contains the 
molecular weight buffers of Msp I digestion of pBR322 DNA. In the fourth 
lane the reaction was performed in which the phosphate buffer was 
substituted by MOPS buffer at 0.1 M and pH 7,5 (measured 25°C). It can be 
seen that the reaction in the phosphate buffer produced an agglomeration of 
DMAs that when dissociated by heat or other double helix disrupting agents 
lead to an number of products of a size smaller than the agglomeration 
structures. The size distribution of the products in the MOPS-buffered 
reaction corresponds to the distances between certain of the oligo primer 
binding sites. Th6 smallest is approximately 76 nucleotide pairs in size 
which is approximately tbe distance between the closest specific oligo 
primer binding sites. 
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Example 9 

Effect of Various Buffers on the Amplification Reaction. 

The buffer used for the amplification reaction can have significant 
effects upon the degree of amplification. In the following example, 
phosphate buffer (which was employed In Example 7) was compared with the 
following zwitterion buffers: 

4-morpholinoethyl sulfonate (MES), 
4-morpholinopropionyl sulfonate (MOPS), 
N-dimethylaminobutyric acid (DMAB), and 
N-dimethylglycine (DMG). 

Trizma base was used to adjust MES or MOPS to pH 7.5, DMAB to pH 7.8, 
and DMG to pH 8.6. In the previous experiments, 4.0 ng of mp18 (containing 
3.5 ng of the target fragment) was used as a template. In this experiment, ' 
the amount of template was reduced ten-fold compared to those experiments 
(4 ng of mp18; 350 pg of target fragment). Other changes in the experimental 
procedure was the omission of DTT and the use of a single addition of 10 
units of Klenow polymerase. Mg++ and dNTP concentrations (7.5 mM and 400 
^iM each dNTP) were-as dfescribed previously. 

As before, reactions Were preincubated at room temperature for 30 
minutes prior to the addition of the Mg++. After addition of Mg++, reactions 
were immediately transferred to a 45°C water bath and incubated for 4 
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hours. The reaction was stopped by the addition of 5|il of 500 mM EDTA to 
give a final concentration of approximately 20 mM. 

For evaluation of the extent of polymerization, an aliquot of 40 )il (out 
of a 120 jil incubation mix) was mixed with 50 [ig of sonicated calf thymus 
DNA and precipitated on ice with 1 ml of 10% TCA. After one hour, the 
precipitate was collected on glass fiber filters, washed 3 times with 5% of 
cold TCA, 2 times with 95% ETOH, dried and counted in a liquid scintillation 
counter. The input was measured by the addition of radioactive precursor 
onto a filter without precipitation with TCA and counted as before. The 
results are given in the table below. As controls, the reactions were also 
carried out without the addition of any target template. 



Buffer 


Incorporation 
From Template 
(in cpm) 


No Template 
Control 
(in cpm) 


Template-Specific 
Incorporation 
(in cpm) 


Net 

Synthesis 
(nanomoles) 


Amplification 
Factor 














Phosphate 


4,008 


2,628 


1.380 


0.255 


240 


MES 


299,367 


212.778 


86,589 


16.03 


15,123 


MOPS 


184.500 


49,521 . 


114.979 


21.28 


20.075 


DMAB 


207,239 


5.859 


211.380 


39.13 


36.915 ■ 


DMG 


182.655 


32.012 


150.643 


27.89 


26.311 



Compared to the na tiimplate control, the highest efficiency of 
amplification was obtained"' with the DMAB buffer. The results of this 
experiment demonstrated that an amplification of the target region 
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approaching 37,000 fold could be obtained. It should be noted that another 
buffer, MES, gave higher incorporation, but the no template control 
demonstrated that there was non-specific polymerization leading to a net 
amplification of only 20,000 fold. The ne)ct best buffer system was DMG 
where net amplification was over 26,000 fold, followed by MOPS with 
20.000 fold amplification. 

The results of this experiment were also analyzed qualitatively by 
ethanol precipitating the remaining 80 ^il of the reaction mixtures, 
resuspending them in 80 ^1 of TE buffer and running 10 aiiquots on 2% 
agarose gels. These results are shown in Figure 10 and agree with the 
results shown in the table above. 



Example 10 

Incorporation of radioactive precursors measures total synthesis of 
DNA including both specific as well as template-independent DNA synthesis. 
Oligos No. 1,3.5,7,9,12,14,16,18 and 20 from Example 1 were employed in a 
series of amplification reactions. This limited number was chosen such that 
there would be a region within' the amplicon that does not correspond to any 

of the primers, allowing th^ use of a 30 base probe (bases 469 to 498) 

., "* 

labeled with biotin thair-Go^resporids to this open region. 

The experimental design was to use DMAS and DMG buffers. Example 9 
had previously shown little or no template-independent synthesis with DMAB 
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and substantial template-independent synthesis with DMG. Reactions with 
and without Taq digested mp18 were carried out. The reaction mixtures were 
precipitated with ethanol. resuspended in TE buffer and aliquots were 
electrophoresed through a 2% agarose ge!. A southern blot was made from 
this gel and probed with 200 ng/m! labeled oligo in 31% formamide/ 2X SSC 
at 25°C for 2 hours and washed 3 X with 0.1X SSC/0.1% Triton X-100 for 5 
minutes each at 37''C. Membranes were developed using an alkaline 
phosphate detection system obtained from Enzo Biochem. Inc. 

As seen in Figure 11, this set of experiments demonstrates that the 
product of the amplification is strongly dependent upon the specific buffer 
used in the reaction. The best results were obtained with DMAB buffer where 
essentially no incorporation (data not shown) or hybridization (Figure 11. 
lane 1) with the reaction mixture from the no template control sample. The 
template dependent synthesis with DMAB (Figure 11, lane 2) produced DNA 
that hybridized with the labeled probe. 

The nature and origin of the non-template derived synthesis achieved with 
DMG buffer (Figure 11, lane 3) is still under current study. 
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Example 1 1 

Determination of the Nature of the Ends of the Amplified Product 

If the product strands act as the template for polymerization of nucleic 
acid then the products should have blunt ends. One method of assaying for 
the presence of blunt ends is based on the notion that these molecules will 
undergo blunt end ligation. Molecules with 'ragged' ends (single stranded 
tails on the 3' or 5' end) will not participate In the ligation reaction. 

Because the amplified product is initiated using chemically 
synthesized primer molecules, the 5' ends will not under phosphorylation. 
The first step of this proof will be to phosphorylate the 5' ends of both 
single stranded and double stranded molecules. These 5' phosphorylated 
molecules will then be ligated using the T4 DNA ligase. The unamplified DNA 
will act as the negative control and a PCR-generated amplicon will act as the 
positive control. 

As can be seen in the gel reported in Figure 12, T4 ligase treatment 
increases the molecular weight of the amplified product selectively. This is 
most apparant in lane 4 of Figure 12, where there is an appreciable increase 
in size observed a^ a result of the completed ligation reaction. 

The positive control with the PCR-generated amplicon (primed by 
oligos initiating at nucleotide 381 and from nucleotide 645 of the template 
which predicts an amplicon of 264 nucleotides) also show a shift in position 
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after ligation (lane 7). Because there was not mucin DNA included in this 
reaction, the appearance of a spectrum of multimers of the amplicon was not 
observed, but the loss of material from the position of the unligated material 
(lanes 5 and 6) was noted. Some material left at the position of the 
untreated amplicon in lane 7 was also noted. It is possible that this material 
does not participate In the ligation reaction because of the addition of A to 
the 3' end of the amplicon which is a property of the Taq polymerase. 

Example 12 

Amplification from non-denatured template 

To explain the high level of amplification in this system, it was 
assumed that some of the primers might be able to initiate DNA synthesis by 
Inverting the ends of double-stranded DNA products synthesized during . 
amplification. This "breathing" was demonstrated in the following 
experiment. The template was^a blunt-ended double-stranded DNA molecule 
obtained from Dr. Christine L. Brakel, the blunt ends extending from bases 
371 to 645 in the mp18 DNA sequence. These ends exactly match primers 
Nos. 1 and 12 (described in Example 1). In this experiment, no radioactive 
precursors were used. Analysis was performed by gel electrophoresis 
through 2% agarose, "fl^agent conditions were the same as Example 10 where 
DMG was used as the bufferjt>ut only 2 primers. No. 1 and No. 2 were used and 
no denaturation of the starting template was performed. In Figure 13, for 
comparison purposes, the same amount of DNA was used as the input on the 
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gel (lane 1). In lane 2, no template was added. In lane 3, the complete 
reaction mix is shown. In lane 4, 12 times as much DNA as the template 
input in either lanes 1 or 3 has been included as a size marker. In both lanes 
2 and 3, some non-specific synthesis can be seen, but the specific copying of 
the template can clearly be distinguished in lane 3. Therefore, as lane 3 
indicates, newly synthesized DNA of the same size as the input was formed 
using non-denatured double-stranded DNA, proving that the double-stranded 
blunt ends can serve as initiation points for replication. 

Example 13 

Amplication from RNA template 

Although it has been demonstrated by the present invention that DNA 
can be amplified, it would be useful, however, to also be able to employ RNA 
as a potential template. Accordingly, the double-stranded DNA molecule used 
in Example 12 was ligated into the Sma I site of a vector plB131 (obtained 
from International Biotechnology Corp) that contains a promoter for T7 RNA 
polymerase. Using standard methodologies, an RNA transcript was 
synthesized encompassing the same sequences used in example 12. This 
transcript was ampliHed iJSing standard conditions with all 20 primers in 
DMG buffer. Taq digest&d"mp18 DNA was used as a control. As seen in Figure 
14 there was extensive syritfiesis. There are characteristic bands that 
appear in lane 4, the reaction with the RNA template, as well as in lane 2, 
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the reaction with the DNA template that do not appear in the template 
independent synthesis seen in lanes 1 and 5. 

This demonstrates that the system is capable of utilizing the RNA 
transcript as a template without the introduction of any other enzyme 
besides the Klenow. thus proving that the Klenow enzyme can be used as a 
reverse transcriptase as indicated In the disclosure. This result was studied 
further by making a Southern blot of the gel seen in Figure 14 and probing 
with nick-translated biotinylated mp18 DNA using a nick translation kit 
obtained from Enzo Biochem. Inc. As seen in Figure 15. there was little or no 
hybridization of the probe to the reaction product of the template 
independent reactions (lanes 1 and 5) whereas extensive hybridization was 
observed with the RNA derived reaction (lane 4) as well as the DNA template 
derived reaction (lane 2), as expected. 



Example 14 

Strand Displacement Using Ethidium-Labeled Oligonucleotides 

Three oligonucleotides with the sequence listed in Figure 16 were 
prepared and labeled F1>F1C and F3. The unlabeled complement of F1C was 
hybridized to unlabelecT^I^, The ratio of F1C: F1 for the hybridization was 
1:2. (F1C at a concentre^tipnJ^^^^^^ 0.13 O.D/m! and F1 at a concentration of 0.26 
O.D./ml.) Hybridization was performed in 1X SSC for two hours at 45''C. 
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Aliquots of the hybrid were mixed with different amounts of ethidium- 
labeled F1 (F1E) in 1X SSC and incubated for 18 hours either at 43'»C, or at 
370C. The ratios of F1E oligo to the unlabeled oligo F1C was 1:1, 2:1, 3:1 and 
4:1. (The 1:1 reaction contained 0.0325 O.D of the FIE. 0.065 O.D. of F1 and 

0. 0325 O.D. of F1C.) At the end of the incubation period, 50|il of each mixture 
was incubated with 50|il of diazonium mixture for 5 minutes at room 
temperature. To prepare the diazonium mixture, 10 |al of the diazonium stock 
solution. (50 mIM in 1M HCI), was added to 100 i^l of cold dilution buffer. (1 X 
SSC and 0.2 M KHCO3. prepared fresh). The diazonium stock solution is stored 

at -20«C. 

Under these conditions the diazonium will destroy the fluorescence 
associated with the ethidium in single stranded oligonucleotides. See, e.g., 
European Patent Application Publication No. 0 492 570 A1, published on July 

1. 1992, based on priority document, U.S. Patent Application Serial No. 
07/633,730, filed on December 24, 1990, the contents of which are 
incorporated by reference. But the diazonium will not destroy the 
fluorescence associated with the ethidium that has intercalated into the 
double stranded DMA. The sun/ival of the ethidium, under these reaction 
conditions, is a measure of the extent of formation of a double helix by the 
ethidium-labeled x3ligonucleotides, thus indicating displacement of the non- 
ethidium containing^straQd by that of the ethidium labeled. This property of 
the ethidium labeled "oligonucleotides by primers can be usefully employed to 
facilitate initiation of polynifeVization on double stranded templates. As seen 
in the figure in Figure 17, the ethidium-labeled oligo displaces the non- 
ethidium-iabeled oligo better at 43«C than at 37'*C. 
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Example 15 

T7 Promoter Oiiaonucleotide 50 Mer Labeled with Ethidium 

An oligonucleotide 50-mer including the T7 promoter region of IBI 31 
plasmid constructs (plasmid sequences derived from manufacturer, 
International Biotechnology, Inc.) was synthesized. Its sequence is as 
follows: 

3'-TAC T*AA T*GC GGT* CT*A T*AG T*T--AA TCA TGA AT-T AAT* 
TAT* GCT* GAG T*GA rAT* C-5'. 

where T* represents allylamine dU, and therefore ethidium modification and 
the 10 base sequence set off by dashes (--AA TCA TGA AT-) was 
introduced to provide a restriction enzyme site. 

Example 16 

Use of the Oligonucleotide 50-Mer to Regulate RNA Synthesis In Vitro 

This nucleotide is complementary to the ATG strand of the lac z gene of 
IBI 31, and also confkins a 10-base sequence for use in restriction enzyme 
digestion. The oligonucleotide ;50-mer also contains sequences overlapping 
the T7 promoter in the IBI ^.3:1:. plasmid constructs. Thus, it might be expected 
to interfere with in vitro transcription by T7 RNA polymerase even though 
the sequences in this oligo are entirely upstream of the start of 
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transcription by T7 RNA polymerase. Because the plasmid constructs contain 
opposing T7 and T3 promotors, this also means that the oligo 50-mer is 
identical in sequence to the RNA that is made by the T3 RNA polymerase in 
vitro. 

The effect of this oligonucleotide on in vitro transcription by T7 and T3 
polymerases from an IB! 31 plasmid construct (pIBI 31-BH5-2) and from a 
BlueScript IJ plasmid construct (pBSII/HCV) was studied. See Figure 18 
which contains the same target sequences, but in a "split" arrangement. The 
polylinker sequences of these plasmids are given in Figure 18, Comparing the 
effect of the oligo on these two different target template serves to partially 
control for the possible non-specific inhibitory effects of ethidium groups on 
the RNA polymerases because the oligonucleotide would be expected to 
inhibit transcription from any template containing an appropriate promotor 
regardless of the "split" if the effect were due to the oligo's interaction with 
the polymerase rather than with the template. 

At a concentration of 60-fold excess of oligonucleotide (0.6)iM final) 
over plasmid with either the allylamine labelled oligonucleotide of the 
ethidium labelled oligonucleotide, in a transcription reaction mixture, the 
following results were obtained: 



-63- 



Attorne^ Docket No.: En2-52 



Plasmid 


Polymerase 


Oligo nanomoles 


% of con 


Transcribed 


Used 


Used Incorporated 




pIBI 31-BH5-2 


T3 


None 


236 


100 


pIBI 31-BH5-2 


T3 


Allylamine labeled 


233 


99 


pIBI 31-BH5-2 


T3 


Ethidium labeled 


87 


37 


pIBI 31-BH5-2 


T7 


None 


208 


100 


pIBI 31-BH5-2 


T7 


Allylamine labeled 


198 


95 


pIBI 31BH-5-2 


T7 


Ethidium labeled 


3 


1.4 


pBSII/HCV 


T3 


None 


112 


100 


pBSII/HCV 


T3 


Allylamine labeled 


158 


>100 


pBSII/HCV 


T3 


Ethidium labeled 


185 


>100 


pBSll/HCV 


T7 


None 


125 


100 


pBSII/HCV 


T7 


Allylamine labeled 


154 


>100 


pBSII/HCV 


17 


Ethidium labeled 


62 


50 



These results indicate that the ethidium-modified oligo sequence is 
capable of specifically inhibiting transcription by the T7 polynnerase from 
the T7 promotor region provided that the promoter region is not interrupted 
by the multiple cloning region and inserted DNA. Thus, the effect is 
dependent on the template DNA and is not merely the result of inhibition of 
the T7 polymerase by the ethidium groups. 

Many obvious variations will be suggested to those of ordinary skill in 
the art in light of the above detailed description of the invention. All such 
variations are fully -embraced by the scope and spirit of the present invention 
as set forth in the claims .jA/hich follow. 
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WHAT IS CLAIMED IS: 

1. An in vitro process for producing more than one copy of a specific 
nucleic acid, said process being independent of a requirement for the 
introduction of an intermediate structure for the production of said 
specific nucleic acid, said process comprising the steps of: 

(a) providing a nucleic acid sample containing or suspected of 
containing the sequence of said specific nucleic acid; 

(b) contacting^ said sample with a mixture comprising: 

(i) nucleic acid precursors, 

(ii) one or more specific nucleic acid primers each of 
which Is complementary to a distinct sequence of said 
specific nucleic acid, and 

(ill) an effective amount of a nucleic acid producing 
catalyst; and 

(c) fllowing-said"'* mixture to react under isostatic conditions of 
temperatureT" buffer and ionic strength, thereby producing 
more than one copy of said specific nucleic acid. 
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2. The process of claim 1 wherein said specific nucleic acid is 
single-stranded or double-stranded. 

3. The process of claim 1 wherein said specific nucleic acid is 
selected from deoxyribonucleic acid, ribonucleic acid, a DNA.RNA hybrid 
or a polymer capable of acting as a template for a nucleic acid 
polymerizing catalyst. 

4. The process of claim 1 wherein said specific nucleic acid is in 
solution. 

5. The process of claim 4 further comprising the step of treating 
said specific nucleic acid with a blunt-end promoting restriction 
enzyme. 

6. The process of claim 1 wherein said specific nucleic acid is 
isolated or purified prior to the contacting step (b) or the reacting step 
(c). 

7. The process of. claim 6 wherein said isolation or purification of 
said specific nucleic acid is carried out by means of sandwich or 
sandwich capture. ^ 

Q, The process of claigi; t^'^^^ comprising the step of releasing 
said captured specific nucleic acid. 
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9. The process of claim 8 wherein said releasing step is carried out 
by means of a restriction enzyme. 

10. The process of claim 1 wherein said nucleic acid precursors are 
selected from nucleoside triphosphates and nucleoside trisphosphate 
analogs, or a combination thereof. 

11; The process of claim 10 wherein said nucleoside triphosphates 
are selected from deoxyadenosine 5'-triphosphate, deoxyguanosine 5'- 
triphosphate, deoxythymidine 5'-triphosphate, deoxycytidine 5'- 
triphosphate, adenosine 5'-triphosphate. guanosine 5'-triphosphate, 
uridine 5'-triphosphate and cytidine 5'-triphosphate. or a combination 
of any of the foregoing. 

12. The process of claim 10 wherein said nucleoside triphosphate 
analogs are naturally occurring or synthetic, or a combination thereof. 

13. The process of claim 10 wherein at least one of said nucleoside 
triphosphates or nucleoside triphosphate analogs is modified on the 
sugar, phosphate or base. 

14. The process . of claim 1 wherein said specific nucleic acid primers 
are selected from de&xyxhbonucleic acid, ribonucleic acid, a DNA.RNA 
copolymer, or a poiymer'Icapsible of hybridizing or forming a base- 
specific pairing complex and initiating nucleic acid polymerization. 
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15. The process of claim 1 wherein said specific nucleic acid primers 
comprise oligo- or polynucleotides. 

16. The process of clairn 1 wherein said specific nucleic acid primers 
contain a 3'-hydroxyl group or an isosteric configuration of 
heteroatoms. 

17. The process of claim 16 wherein said heteroatoms are selected 
from nitrogen, sulfur, or both. 

18. The process of claim 1 wherein said specific nucleic acid primers 
are not substantially complementary to one another. 

19. The process of claim 18 wherein said specific nucleic acid 
primers contain no more than five complementary base-pairs in the 
sequences therein. 

20. The process of claim 1 wherein said specific nucleic acid primers 
comprise from about 5 to about 100 nucleotides. 

21. The process of claim 20 wherein said specific nucleic acid 
primers comprise from about 8 to about 20 nucleotides. 

■^^ ■ ^ 

22. The process of claiijiry^^ said specific nucleic acid primers 
comprise at least one non-complementary nucleotide or nucleotide 
analog base, or at least one sequence thereof. 
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23. The process of claim 22 wherein said specific nucleic acid 
primers further comprise from about 1 to about 200 noncomplementary 
nucleotide or nucleotide analogs. 

24. The process of claim 23 wherein said noncomplementary 
nucleotide or nucleotide analogs in said specific nucleic acid primers 
comprise from about 5 to about 20 nucleotides. 

25. The process of claim 22 wherein said noncomplementary base 
sequence or sequences are linked together by other than a 
phosphodiester bond. 

26. The process of claim 1 wherein said nucleic acid producing 
catalyst is selected from DNA polymerase and reverse transcriptase, 
or both, 

27. The process of claim 1 wherein said nucleic precursors or said 
specific primers or both are modified by at least one intercalating 
agent, 

28. The process oX^claign 1 further comprising the step (d) of 
detecting the product produced in step (c). 
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29. The process of claim 28 wherein said detecting step (d) is carried 
out by means of incorporating into the product a labeled primer, a 
labeled precursor, or a combination thereof. 

30. The process of claim 1 further comprising the step of 
regenerating said one or more specific nucleic acid primers. 
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31. An in vitro process for producing more than one copy of a specific 
nucleic acid, said products being substantially free of any primer- 
coded sequences, said process comprising the steps of: 

(a) providing a nucleic acid sample containing or suspected of 
containing the sequence of said specific nucleic acid; 

(b) contacting said sample with a mixture comprising: 
.(i) nucleic acid precursors, 

(ii) one or more specific polynucleotide primers 
comprising at least one ribonucieic acid segment each 
of which primer is substantially complementary to a 
distinct sequence of said specific nucleic acid, and 

(iii) an effective amount of a nucleic acid producing 
catalyst; and 

(c) allowing said mixture to react under isostatic conditions of 
temperature, buffer and ionic strength, thereby producing at 
least one copy of said specific nucleic acid; and - 

(d) removing- substantially or all primer-coded sequences from 
the product proctyced in step (c) to regenerate a primer 
binding site, thereby allowing a new priming event to occur 
and producing more than one copy of said specific 

nucleic acid. 
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32. The process of claim 31 wherein said step (d) removing is carried 
by digestion with an enzyme. 

33. The process of claim 32 wherein said enzyme comprises 
ribonuclease H. 

34. The process of claim 31 wherein said nucleic acid precursors are 
modified or unmodified. 

35. The process of claim 31 wherein said specific polynucleotide 
primers further comprise deoxyribonucleic acid. 

36. The process of claim 31 wherein said specific polynucleotide 
primers contain a 3'-hydroxyl group or an isosteric configuration of 
heteroatoms. 

37. The process of claim 36 wherein said heteroatoms are selected 
from nitrogen, sulfur, or both. 

38. The process' of claim 31 wherein said specific polynucleotide 

primers further comprise '"from about 1 to about 200 noncomplementary 

"""^^^ > ■ ■ 

nucleotide or nucleotide aa^logs. 
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39. An in vitro process for producing more than one copy of a specific 
nucleic acid, said products being substantially free of any primer- 
coded sequences, said process comprising the steps of: 

(a) providing a nucleic acid sample containing or suspected of 
containing the sequence of said specific nucleic acid; 

(b) contacting said sample with a mixture comprising: 

(i) unmodified nucleic acid precursors. 

(ii) one or more specific chemically-modified primers 
each of which primer is substantially complementary 
to a distinct sequence of' said specific nucleic acid, 
and 

(iii) an effective amount of a nucleic acid producing 
catalyst; and 

(c) allowing said mixture to react under isostatic conditions of 
temperature, buffer and ionic strength, thereby producing at 
least one copy of .said specific nucleic acid; and 

(d) removing:;SubStantiaily or all primer-coded sequences from 

.'^^ 

the product produced in step (c) to regenerate a primer 

■^V ■ 

binding site, tbereby allowing a new priming event to occur 

and producing more than one copy of said specific 
nucleic acid. 
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40. The process of claim 39 wherein said step (d) removing Is carried 
by digestion with an enzyme. 

41. The process of claim 40 wherein said enzyme comprises 
ribonuclease H. 

42. The process of claim 39 wherein said specific chemically 
modified primers are selected from ribonucleic acid, deoxyribonucleic 
acid, a DNA.RNA copolymer, and a polymer capable of hybridizing or 
forming a base-specific pairing complex and initiating nucleic acid 
polymerization, or a combination of any of the foregoing. 

43. The process of claim 39 wherein said specific chemically 
modified primers contain a 3'-hydroxyl group or an isosteric 
configuration of heteroatoms. 

44. The process of claim 43 wherein said heteroatoms are selected 
from nitrogen, sulfur, or both. 

45. The process of claim 39 wherein said specific chemically 
modified primers are selected from nucleoside triphosphates and 
nucleoside triphosphate' ariBlogs, or a combination thereof, wherein at 
least one of said nucleoside .triphosphates or analogs is modified on the 
sugar, phosphate or base. 
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46. The process of claim 39 wherein said specific chemically 
modified primers further comprise from about 1 to about 200 
noncomplementary nucleotide or nucleotide analogs. 
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47. An in vitro process for producing more than one copy of a specific 
nucleic acid, said products being substantially free of any primer- 
coded sequences, said process comprising the steps of: 

(a) providing a nucleic acid sample containing or suspected of 
containing the sequence of said specific nucleic acid; 

(b) contacting said sample with a mixture comprising: 

(i) unmodified nucleic acid precursors, 

(ii) one or more specific unmodified primers 
comprising at least onesegment each of which 
primer comprises at least one non-complementary 
sequence to a distinct sequence of said specific 
nucleic acid, such that upon hybridization to said 
specific nucleic acid at least one loop structure is 
formed, and 

(iii) an effective amount of a nucleic acid producing 
catalyst; and 

(c) allowing said mixture to react under isostatic conditions of 
temperature, buffer and ionic strength, thereby producing at 
least one copy of said specific nucleic acid; and 

(d) removing "sybstantially or alT primer-coded sequences from 
the product produced in. step (c) to regenerate a primer 
binding site, thereby allowing a new priming event to occur 
and producing more than one copy of said specific 

nucleic acid. 
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48. The process of claim 47 wherein said step (d) removing is carried 
by digestion with an enzyme. 

49. The process of claim 48 wherein said enzyme comprises 
ribonuclease H. 

50. The process of claim 47 wherein said specific unmodified 
primers are selected from ribonucleic acid, deoxyribonucleic acid, a 
DNA.RNA copolymer, and a polymer capable of hybridizing or forming a 
base-specific pairing complex and initiating nucleic acid 
polymerization, or a combination of any of the foregoing. 

51. The process of claim 47 wherein said specific unmodified 
primers further comprise from about 1 to about 200 noncomplementary 
nucleotide or nucleotide analogs. 

52. A promoter-independent non-naturally occurring nucleic acid 
construct which when present in a cell produces a nucleic acid without 
the use of any gene product coded by said construct. 

53. The construct of ..Qjha|m 52 comprising double-stranded and single- 
stranded nucleic acid regionsv/. 
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54. The construct of claim 52 wherein said nucleic acid comprises 
deoxyribonucleic acid, ribonucleic acid, a DNA.RNA copolymer, or a 
polymer capable of hybridizing or forming a base-specific pairing 
complex and initiating nucleic acid polymerization. 

55. The construct of claim 52 comprising at least one modified 
nucleotide or nucleotide analog. 

56. The construct of claim 52 comprising at least one single- 
stranded region. 

57. The construct of claim 56 wherein said single-stranded region 
comprises a bubble. 

58. The construct of claim 57 wherein said bubble comprises at least 
one complementary sequence to a nucleic acid present in the cell. 

59. The construct of * claim 57 wherein said bubble comprises at least 
one poIyT sequence. 

60. A conjugate comprising a protein-nucleic acid construct, said 
nucleic acid construct not" coding for said protein, and which conjugate 
produces a nucleic acid whei;^' present in a cell. 
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61. The conjugate of claim 60 wherein said protein comprises an RNA 
polymerase or a subunit thereof and the nucleic acid construct contains 
the corresponding RNA polymerase promoter. 

62. The conjugate of claim 61 wherein said RNA polymerase is 
selected from T7. T3 and SPG, or a combination of any of the foregoing. 

63. The conjugate of claim 60 wherein said protein comprises DNA 
polymerase or reverse transcriptase and said nucleic acid construct 
contains at least one sequence complementary to an RNA molecule. 

64. The conjugate of claim 60 wherein said nucleic acid construct is. 
double-stranded, single-stranded, or partially single-stranded. 

65. The conjugate of claim 60 wherein said nucleic acid construct 
comprises at least one chemically modified nucleotide or nucleotide 
analog. 

66. The conjugate of claim 60 wherein said protein is linked to said 
nucleic acid construct .by nieans of a covalent linkage. 

67. The conjugate -of claim 60 wherein said protein is linked to said 
nucleic acid construct by means of base-pairing of complementary 
nucleic acid sequences. ;jl - 
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68. The conjugate of claim 60 wherein said protein is linked to said 
nucleic acid construct by means of a nucleic acid binding protein. 

69. The conjugate of claim 68 wherein said nucleic acid binding 
protein comprises a repressor protein bound to an enzyme. 

70. The conjugate of claim 60 wherein said protein is linked to said 
nucleic acid construct by means of ligand receptor binding. 

71. The conjugate of claim 60 wherein the nucleic acid produced is 
deoxyribonucleic acid, ribonucleic acid, or a combination thereof. 

72. The conjugate of claim 60 wherein the nucleic acid produced is 
sense or antisense, or both. 
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73. An in vivo process for producing a specific nucleic acid, said 
process comprising the steps of: 

(a) providing a conjugate comprising a protein-nucleic 
acid construct, said conjugate being capable of producing a 
nucleic acid when present in a cell; and 

(b) introducing said conjugate into a eel!, thereby 
producing said specific nucleic acid. 

74. The process of claim 73 wherein said construct comprises at 
least one promoter. 

75. The process of claim 73 wherein said construct comprises at 
least one complementary sequence to a primer present in the cell. 

76. The process of claim 73 wherein said nucleic acid construct 
codes for the protein in said conjugate. 

77. The process of claim 73 wherein said nucleic acid construct 
codes for a protein other than the protein in said conjugate. 

78. The process of claim 7Z; wherein said other protein comprises a 
nucleic acid polymerase, vcvri ' 
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79. The process of claim 78 wherein said polymerase comprises an 
RNA polymerase and said nucleic acid construct comprises a promoter 
for said RNA polymerase. 

80. The process of claim 78 wherein said polymerase comprises a 
DNA polymerase or reverse transcriptase. 
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81. A construct comprising a host promoter located on the construct 
such that the host transcribes a sequence in the construct coding for a 
different RNA polymerase which after translation is capable of 
recognizing its cognate promoter and transcribing from a DNA sequence 
of interest in the construct with, said cognate promoter oriented such 
that it does not promote transcription from the construct of said 
different RNA polymerase. 

82. The construct of claim 81 wherein said host promoter comprises 
a prokaryotic or eukaryotic promoter upstream from the host promoter. 

83. The construct of claim 81 wherein said host promoter and the 
promoter for the second RNA polymerase are located on opposite 
strands. 

84. The construct of claim 82 wherein said prokaryotic promoter 
comprises a RNA polymerase. 

85. The construct of claim 82 wherein said eukaryotic promoter is 
selected from Pol I, Pol Hand Pol III. or a combination of any of the 
foregoing. 

86. The construct of claim S-'J,- wherein said second RNA polymerase is 
selected from T7, T3 and SP6v or a combination of any of the foregoing. 
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87. The construct of claim 81 wherein said DNA sequence of interest 
comprises sense or antisense, or both. 

88. The construct of claim 81 wherein said DNA sequence of interest 
comprises deoxyribonucleic acid or ribonucleic acid. 

89. The construct of claim 81 wherein said DNA sequence of interest 
encodes a protein. 

90. The construct of claim 81 comprising at least one chemically 
modified nucleotide. 



******* 
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ARfiTRACT OP THg DISCLOSURE 

NOVEL PROQgSS. CONSTRUCT AND CONJUGATE FOR PRODUCING 
MULTIPLE NUCLEIC ACID COPIES 

This invention provides inter alia an in vitro process for 
producing multiple specific nucleic acid copies in which the copies are 
produced under isostatic conditions, e.g.. temperature, buffer and ionic 
strength, and independently of any requirement for introducing an 
intermediate structure for producing the copies. In other aspects, the 
invention provides in vitro processes for producing multiple specific 
nucleic acid copies in which the products are substantially free of any 
primer-coded sequences, such sequences having been substantially or 
all removed from the product to regenerate a primer binding site, 
thereby allowing new priming events to occur and multiple nucleic acid 
copies to be produced. This invention further provides a promoter- 
independent non-naturally occurring nucleic acid construct that 
produces a nucleic acid copy or, copies without using or relying on any 
gene product that may be coded by the nucleic acid construct. Another 
aspect of this invention concerns a protein-nucleic acid construct in 
the form of a con[ugate linked variously, e.g.. covalent linkage, 
complementary nucleic acid base-pairing, nucleic acid binding proteins, 
or ligand receptor bindijQg, Further disclosed in this invention is an tn 
vivo process for produciri,g.-^;specific nucleic acid in which such a 
protein-nucleic acid construct conjugate is introduced into a cell. A 
still further aspect of the invention relates, to a construct comprising a 
host promoter, second promoter and DNA sequence uniquely located on 
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the construct. The host transcribes a sequence in the construct coding 
for a different RNA polymerase which after translation is capable of 
recognizing its cognate promoter and transcribing from a DNA sequence 
of interest in the construct with the cognate promoter oriented such 
that it does not promote transcription from the construct of the 
different RNA polymerase. 
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Figure 1 (A-F) 

Construct Forms Comprising at Least one Single-Stranded 

Region 
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Figure 2 (A-F) 
Functional Forms of the Construct 




(B) 




RNA 
Pol'ase 



Cognate RNA Pol'ase Product 
Promotor Sequence 




Second RNA Second Product 



Promotor Pol'ase Promotor Sequence 



Figure 3 (A-C) 



Three Constructs with an RNA Polymerase 
Covalently Attached to a Transcribing Cassette 
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Product 
Sequence 



First RNA 
Pro motor 
{e.g. Pol III) 



T7 

Promotor 



First RNA T? RNA 
Promotor Pol'ase 
(e.g. Pol 111) 



T7 
Promotor 



T7RNA 
Pol'ase 



Product 
Sequence 



First RNA T7 
Promotor Promotor 
(e.g. Pol III) (Weak) 



T7RNA T7 
Pol'ase Promotor 
(Strong) 



Product 
Sequence 



Figure 4 (A-C) 



Three Constructs with Promoters 
for Endogenous RNA Polymerase 
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M13nnp18. Seq Length: 7250 



1. 


MTQCTACTA 


CTATTAGTAG 


AATTG'VTGOC 


ACCTTTTCAG 

• T^""^ III! ^-ir^tj 




51. 


AMTGAAAAT 


ATAQCTAAAC 


AQGnTATTG^ 


CCATTTQCG^ 


AATGTATCTA 


101. 


ATQGTCAAAC 


TAAATCTACT 


0Gna3CAG\ 


ATTOOGAATC 


AACTGTTACA 


151. 




CrVCCfiGfiCA 


CCGTACTTTA 


GTTQCATATT 


TAAAACATGT 


201 






AQCMTTAA3 


CVCTAAGCCA 


TCCQCAAAAA 


251 


TG^CCTCTTA 




aV\TTAAAQ3 


TACTCTCTAA 




301. 


TTQGAiGnTG 


CTTCOQGTCT 


GGrrcocnT 


GVVXTOGW 


TTAAAACGCG 


351. 


ATATTTG^AG 


IUII10Q9QC 


TTCCTCTTAA 


TCI 1 1 1 IGAT 


QCAA7DCX3CT 


401. 


TTGCIICIC^ 


CTATAATAGT 


CftGOGTAflAG 


ACCTGATTTT 


TGATTTATGG 


451. 


TOXTTCTCGT 


TTTCTGAACT 


GTTTAAAGCA 




A'n^CAATGAA 


501. 


TATTTATGAC 


G^mXQGflG 


TATTQGAOQC 


TATTXAGTCT 


AAACXMTTTA 


551. 


CTATTACOOC 


CTCroaCAAA 


ACTTCTTTTG 


cw\AAQoarc 


TCGCTATTTT 


601. 


GGI 1 1 1 lATC 


GTCGTUTGGr 


Avmmir 


TATGMAGTG 


TTQCTCnTAC 


651. 


TATQcrrcGr 


AATTCCnir 


QQCXHTTATGr 


ATCTQCATTA 


GTTGAATGrG 


701. 


GTATTCCTAA 


ATCTCAACTG 


ATGAATCTTT 


CrACCTGTAA 


TAATGTTGTT 


751. 


CCGTTAGTTC 


GinTATTAA 


cGTAGATnrr 


TcrrcccAAC 


GTCCTOOG 


801. 


GTATAATGflG 


CG^GTTCTTA 


AAATCQCATA 


AQGTAATTCA 


CAATGATTAA 


851. 


AGTTGAAATT 


AAACOVTCTC 


AAQCXXWMT 


TACTACTCGT 


TCTQGIGTTC 


901. 


1UjIL/>UUUC 


AAGCTTATT 


O^CTGV\TG^ 


QCV^QCTTTCT 


TACGTTGATT 


951. 


TQQGrMTG^ 


ATATCCQGTT 




ATTACrCTTG 


ATG^AQGTCiA 


1001 


QOGAGCCTAT 


QOQOCTGGTC 


TGTACADOGT 


TGMCTGTCC 


TCTTTCAAAG 


1051 


TTGGTO\GTT 


OQGTTCCCTT 


ATG'VTTG^CC 


GTCTQCXXXT 




1101 


AAGTAACATG 


GaQCflQGTDG 


OCGATTVCGA 


CACAATTTAT 


GflQQOG^TG^ 


1151 


TACAAATCTC 


CGTTGTACCTT TGITTDQCQC 


TTGGTATAAT 


ornrnnnnrr 


1201 


OWOVTCAG 


TGTTTTAGTG 


TATTCTTTCG 


CCTCTTTCGT 


TTTAQGITQG 



Figure 5 
M13mp18;^Nucleic Acid 



Sequence 
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1251 


TGCCTTOGTA 


GTQQGATOC 


GTATTTTACC 


CGnTAATGG 


AAACTTCCTC 


1 301 


ATG^AAAAGT 


CTTTAGTCCT 


CAAA3ccrcr 


CTA300GnG, 


CTAOCCrCGT 


1351 


TCX»\TarTG 


TCTTTCQCTG 




OGWXTGCA 


AAA30QQ0CT 


1401 


TTMCTCCCT 


QGAflQCXTCA 


ODGAOOGW 


ATATCGGTTA 




1451 


ATGGTTGTTG 


TCATTGTCQG 


OOCAMJTAJC 


QGTATT:WV3C 


TGTTTAAGAA 


1501, 


ATTGftCCTCG 


AAAGCW3CT 


GMAAAOCG^^ 


TACAATTAAA 


GGCTCUIIII 


1551 


QC^ftGCUllII 


illllGG<VC>^ 


rnrcAACGT 


GAAAAAATTA 


TTATTCGCAA 


1 601 


TTCCTTTAGT 


TGTTCCTTTC 


TATTCTCACT 


OOGCTGWC 


TGTTGAAAGT 


1651 


TGTTTAGCM 


AACOCCATAC 


AGWATTCA 


TTTACTAACG 


TUrOG^flAG'V 


1701 


cxw:a^aact 


TTAGMCGrr 


AOBCrAACTA 


TGftQQGnrUT 


CTGIQC^TG 


1751 




TGTAGTTTGT 




AA^CTO^GTG 


TTACQGTACA 


1 801 


TQGGTTCOA 


TIQGQCrmX 


JAJCOCTGAA 


MTGflGQGTG 


GTOQCTUrG^ 


1 851 


QGGTQGOQSr 


TCTGftGQGIG 




QQGTGGGGGT 


ACTAAACCTC 


1901 


CTOaGTAOOG 


JGAJACACCT 


A7TOOQG3CT 


ATACTTATAT 


G^ACCCTUli; 


1951 




A7D0QXTOG 


TACTG^VSGflA 


AAOOOQCTA 


ATCCTAATCC 


2001 


TTCrCTTGAG 


G^lulUflGC 


CTCTTAATAC 


TTTCATGTTT 


CAGMTAATA 


2051 


QGITOCGaAA 


TA3GCflQ33G 


GG^^TTAACTG 


TTTATACGGC 


GACTGTTACT 


2101 




AaXOGTTAA 


AACTTATTAC 


ca3Ta::v\ctc 


CTGTATCATC 


2151 


AAAA3CCATG 


TATG'^CQCTT 




TAAATTCAG^V 


G'CTOOGCrT 


2201 




AOXCGTTAA 


AACTTATTAC 


GAGTA::Acrrc 


CTGTATCATC 


2151 




TQCXTOflACC 


TCCTGTCAAT 


GCTGQOGGDG 


QCTUTQGTGG 


2201 


TCGMTUTQG 


CTTTAATCAA 


G^TOGATTCG 


TTTGTGAATA 


TOW3QCCM 


2251 






TCCTGTCMT 


QCTGGOQGOG 


GCTLnUGIOB 


2301 


TQGTTUrQGt 


GGOGGCTCIG 


A33GTQGTGG 


CTUTGQQGGfT 


GGOQGTTCTG 


2351 






QQCXaallUUG 




TQGmCOQGT 


2401 


GATTTTGATT 


ATGAAAAGAT 




AATA/iGGQGG 


CTATGftOCG'V 


2451 


AAATQXGM 


GvwmDQc; 


TACAG-PCTG^ 


CQCTMflQQC 


AAACfTG^TT 








Figure 5 
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2501 


CTOTCQCTAC 


TGATTAOGGT 


QCraCTATOG 


ATQGTTTCAT 


TQGTOiCGrr 


2551 


TOOQQOCTTC 


CTAATGGTAA 


TOGTOCTACT 


GCTGMTmG 


CrOGCTCTAA 


2601 


TTCCCAAATG 


CCVCAfiGTCG 




TAATTCACCT 


TTAATGAATA 


2651 


ATTTCCGTCA 


ATATTTACCT 


TCCCTOXTC 


AATOQGTTG^ 


ATGrcGOCCT 


2701 


TTTGTCTTTA 


QCXTTOGTA^ 


ACCATATG^A 


TTTTCTATTG 


ATTCTG^G^A 


2751 


AATAAACTTA 


TTOOGTQGTG 


TCTTTQCGTr 


TCTTTTATAT 


GTVCCCACCr 


2801 


TTATGTATGT 


AinTCTACG 


TTTGCTAACA 


TACTGOGTAA 


TAA3GflGTCT 


2851 


TTATCATGCC 


AGTTCTTTTG 


QGTATTtrGT 


TATTATTGCG 


TTTCCTCGGT 


2901 


TTCCilUlGG 


TAACnTGTT 


OQGCTAIUIG 


CTTACTTTTC 


TTAAAAAQQG 


2951 


CTTDQGTAAS 


ATAGCTATTG 


CTATTTCATT 


GTTTCTTGCT 


CTTATTATTG 


3001 


GGCTTAACTC 


AATTCTTGTG 


QGTTATCTCT 


CTGMATTAG 


CX3CTGVVTTA 


3051 


CCCTUTG^Cr 


IIGIILW3QG 


TGTTCAGTTA 


ATTCTCCCGT 


CTAATQCXSar 


3101 


TCCCTGTTTT 


TATGTTATTC 


TCTCTGTAAA 


GQCTOCTATT 


TTCAI 1 1 1 IG 


3151 


ACX3^TTAAAG^ 


aaaAatcgtt 


TCTTATTTGG 


ATTGQGMAA 


ATAATATGGC 


3201 


TGTTTAIill 


GTAACTOQCA 


AATTAGGCrC 




CTOGnAQCX3 


3251 


TTGGTAA(W 


tcaggmaaa 


ATTGTAGCTG 


GGTGCAAMT 


AQG^ACTAAT 


3301 


CTTGATTTAA 


QGCTTGWA 


OCTCCOQCAA 


GTa3Q3flGGr 


TCQCTAA^C 


3351 


GCCTOQCX^nT 


cttag^atac 


0Q3MAAGCC 


TTCTATATCT 


GMTTQCrTTG 


3401 


CTATTGQQOG 


cqgtaatgm 


TCCTACG^MIG 


AAAATAAAAA 


CGQCTTQCTT 


3451 


GTTCrOGATG 


AGTOOGGTAC 


TTGGTTTAAT 


ACCCGTTCTT 


QGAATG^TM 


3501 




OCG^TTATTG 


AITGGTTTCT 


ACTOCTCGT 


AAATTAGG^T 


3551 


GGGAJATTAT 


TTTTCTTGIT 


GAGGACTTAT 


CTATrGTTG^ 


TAAflCftOSOG 


3601 


CGIICIGGM 


TPOZYGAACA 


TGTTGTTTAT 


TGTOGrCGTC 


TQGfiCAG^AT 


3651 


TACTTTACCT 


TlTGrfOSGTA 


CTTTATATTC 


TCTTATTACT 


QQCrR»W\A 


3701 


TQCcrcrax 


TAAATTACAT 


GnGQOGTTG 


TTAAATATGG 


CGMTCTG^A 


3751 


TTAAGCOCTA 


CIGIIUAQDG 


TTGGCTTTAT 




ATTTGTATAA 


3801 


OGGATATGM 




crmrcTAG 


TAATTATGAT 


TCCQGrGirr 



Figure 5 
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3851 


ATTCTTATTT 


AACQCXTTAT 


TTATOVCACG 


GTCGGTATTT 


CMACTATTA 


3901 


MTTTAGGTC 


ACAAGfiJGAA 


ATTAACTAAA 


ATAATATTGA 


AAAAGTTTTC 


3951 


TOQCGTTCrr 


TGTCTTQCG^ 


TTGGOTrQC 


ATCAGCATTT 


ACATATAGTT 


4001 


ATATAACOCA 


AOCTAA3CXDG 


G'^QGrrAAAA 


fiCGTAGTCVO 


TG^GAOCTAT 


4051 


GATTTTGATA 


AATTCACTAT 


TGACTCTTCT 


CAGOGICI lA 


ATCTA^GCTA 


4101 


TCQCTATGTT 


TTCAAQGMT 


CTAAaOGAAA 


ATTAATTAAT 


AaOC^ACGATT 


4 15 1 


TACAGM^ 


AGGTTATTCA 


CrCACATATA 


TTGATTTATG 


TACTGITTCC 


4201 


ATTAAAAAAG 


GTAATTOWV 


TGAAATTGTT 


AAATGTAATT 


AATTrrGTTT 


4251 


TCTTGMGTT 


TGTTTCATCA 


TCTTCTTTTG 


CTCAGGTAAT 


TGV\ATGAAT 


4301 


AATTOGOCTC 


raoGCG^rrr 


TGTA^CTTQG 


TATTCAAAQC 


M■R>QGOG^ 


435 1 


AATCCGTTATT Gl 1 ICICXXOS 


ATGTAVW3G 


TACTGTTACT 


GTATATTG^T 


4401 


CTG^CGTTAA 


ACCTG^AAAT 


CTACQCAATT 


TCTTTATTTC 


TGTTrTACGT 


4451 


GCTAATAATT 


TTGMAATGGT 


TGGTTCAA7T 


CCrrCG^TAA 


TTO\G^TA 


4501 


TAATCCAAAC 


AATCAGGMT 


ATATTGMGA 


.ATTQCGATC^ 


TCTGATAATC 


4551 


AQGWATt^ 


TGATAATTCC 


GCTOCTTCTG 


GTGGIIICII 


TG^rooGG^^ 


4601 


AATG^TAATG 


TTACTCAAAC 


TTTTAAAATT 


AATAACGTTC 


CCrCAAAGCA 


4651 


TTTAATACGA 


GTTGTOWVT 


TGTTTGTAAA 


GTCTAATACT 


TCTAAATCCT 


4701 


CAAATGTATT 


ATCTATTG^C 


QSCrCTAATC 


TATTAGTTGT 


TAGTGCrCCT 


4751 


AAAGATATTT 


TAGATAACCT 


TCCTCAATTC 


CnTCTACTG 


TTG^TrTQCC 


4801 


AACYGACCAG 


ATATTGATTG 


AQQOTTGM 


ATTTGAGGTT 


GflQGW3GTG 


4851 


ATQCTTTAG^^ 


lilt ICATTT 


QOTQCTOQCT 


CVCACCGIGG 


GACTGTTQCA 


4901 


Q30QGTGrrA 


ATACTG'm^ 


CCrCACCTCT 


GTTTTATCTT 




4951 


TTCGmCXSGT 


AlllllAATG 


GCGATGTTTT 


AQGGCTATOV 


GTimOQCAT 


5001 


TAAAG^CTAA 


TAGDCATTCA 


AAAATATTGT 


CTOTQOGftOG 


TATTCTTACG 


5051 


CnrCAGGTC 


AGW33Grrc 


TATCTCTGTT 


Q30GflGV^7G 


TCCCIIIIAT 


5101 


TAAAGACTAA 


TAGCXATTG^ 


AAAATATTGT 


CIGIGDCWDG 


TATTCTTACG 


5151 


CavnGftQOG 


TO\AAATGTA 


GGTATmXA 


TG^QCXillll 


TCCTGTTGG^ 



Figure 5 



M13riflp:18 Nucleic Acid Sequence 



9/:<>3 



5201 


ATQ3:ra30G. 


GTAATATTGT 


TCTGGATATT 




CCGMAGTTT 


5251 


GAul luiui 




GTGMGTTAT 


TACTAATCAA 


AGV^GTATTG 


5301 


CTACAflOGCT 


TAATTTQCGT 


G\7QG'OG^ 


CTCTTTTACT 


aBSTGQOCTC 


5351 


ACTGMTATA 


AAAACACrrC 


TCAAGATTCr 


OaOGTAXGr 


TCCrGTCTAA 


5401 


AATCCCTTTA 


ATOQQDCroC 


TGTTTAGCTC 


Ca3CTCTGM 


TOOWDGAGG 


5451 


AAAGGAOGTIT 


ATACGRSCTC 


GTCAMGCAA 


OGMAGTAOG 


a300CTGrA3 


5501 


ooao^cAnA 


^innnnGGGGG 


GIGTGGTQGT 


TA3Q0Q3AGC 


GTGaOXCTA 


5551 






COCGCTOCTT 


TCQCTTTCTT 


cccrrccTTT 


5601 


cKxxxy^ 


TOQOOQQCTT 


TDCCOGTC^A 


QCTCTAAATC 


GGGGQCTOX; 


5651 


TTTAGGGmC 


CXaMTTAGiTG 


CTTTACQQG^ 


ocTOGflOCxr; 


AAAAAACTTG 


5701 


ATTTQQGTG^ 


TQGTTCACGT 




OQOOCTGMA 


G^OGGTTTTT 


5751 


CQCxx:rrno\ 


CGnoGftGrc 


CACGIICIII 


AATAGTQGAC 


TCTTGTrCCA 


5801 




ACACVCAADC 


CTATorcocas 


CTATTCTTTT 


GMTTATAAG 


5851 


QG^T^TQCC 


GMmOQGAA 


OCACCATCM 


AC^GGaTTTT 


OQCXJIUJIUG 


5901 




cxirocficooc 


iraCTOGflAC 


1UTCTOV3QS 


0CA33DQGTG 


5951 




A3CTGTTQC3C 


OGIUTOQCTG 


GTG^AAAaflA 


AAAtXACOCr 


6001 


Q30Q0CmT 


/OXAA/VXG 


OCTCTDOOOG 


OODGnGQX 


GATTCATTAA 


6051 


TOCflQCTOQC; 


AOGflCftQGTT 


TDOCmiTOG 


A'WSDQQGCA 


GTGfiQDQGAA 


6101 


CQCAATTAAT 


GTGflCnTAGC 


TCACrCATTA 




QCrnTACACT 


6151 


TTATQCTTCC . 


QCTTCGrATG 


TTGTGHQC^ 


Tir?TGflQ3QG 


ATAACAATIT 


6201 




AG^QCTA■T1G^ 


CCATGMTAC 


G^ATTCGftQC 


TOQSTAXOG 


6251 


QCGMCTTCT 






CV^GCTTQGC 


A:raGOOGTC 


6301 


GTTTTACAAC 


GTDGTGftCTG 


GGWWXCT 


Q30GnAO0C 


AACTTAATOG 


6351 


CCTTOGAQCA 


CAATaXX:TT 


TOQOGflGCTG 


QOGTAATAGC 




6401 




oocnoxM 


CAG^7Q0Q:::^ 


Q^CTG^ATGG 




6451 


TTTQCcnaGn' , 


TTCOQQGACC 


a:^'\agoqgtg 


00Q3^AflQC^ 


QSCrOGflGIG 


6501 


OGATCTTCCr 


GflQGXGMA 


OQGTCGTOGT 


COCCTCAAAC 
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6551 


fiCOGTTPCGA 


TQOQOOCATC 


lACACCAACG 


TAAOCTATCC 


CATTACQGTC 


6601 


PATOOGCCGT 


TTGTTCCGAC 




ACQQGnTGTT 


ACVCCCYCAC 


6651 


ATnrAATGTT 






AGGDOflGflOG 


CGAATTATTT 


6701 


TTWQQOCT 


TCCTATTQGT 


TAAAAAATG^ 


QCTGMTTAA 


CAAAAATrrA 


6751 


ACGCCAATU 


TAACAAAATA 


TTAACGITTA 


CAATTTAAAT 


ATTTGCTTAT 


6801 


ACMTCTTCC 


TGIIIIIQGG 


QCIIIICIGA 


TTATCVWXG 


QOGTACMAT 


6851 


G^TTG^CATC 


CTAGIIIIAC 


GMTACCGTT 


CATCGMTCr 


CTTGTTTGCT 


6901 






CIX^TACCCY 


TTGTAGATCT 


CTCAAAAATA 


6951 


GCTACCCTCT 




TTTATCAQCT 


AGWOQGniG 


AATATCATAT 


7001 




TTGACTGTCT 




TCACXX;i i 1 1 


GflATCTTTAC 


7051 


CTACACATTA 


CTOV3QCATT 


QCATTTAAAA 


TATATGflQGG 


TTCTAAAAAT 


7101 


TTTTATCCTT 


QCGTTQWVT 


AA/V3QCnTCT 


OOOGCAWG 


tatta:agqg 


7151 


TCATAATGTT 


TTTGGrACAA 


(XGOTTAX 


TTTATGCrCT 


GflGQCrrTAT 



Figure 5 



MlSmprs'^ ^UQleic Acid Sequence 
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COMPLEMENTARY TO M13 




POSITION 


5' * 3' 


POSITION 




645 


AQCAACACTATCATA 


631 


Ml 3/1 


615 


ACGAO^TAflAAAOC 


601 


M13/2 


585 


TTTTGCAAAAGAAGT 


571 


M13/3 


555 


AATAGTAAAATfnTTT 

* * 


0 4 t 


M 1 3/4 


525 


CMTACTQOQGAATG 
* • 


51 1 


M i 3/5 


A t\ C 

4 9 5 


TG^ATCCCCCfTCAAA 


481 


M13/6 


465 




451 


M 1 7 


435 


CAQGTCnrTACCCTG 
* 


421 


M 1 fl 

'VI ] j/ 0 


405 


AQGflAAQCX3C^TTQC 


391 


M 1 3/9 


375 


A3G'WrXD0GVW^ 


361 


M 1 3/1 0 




COMPLEMENTARY TO SS PHAGE DNA 




POSITION 




POSITION 






5' * * 3' 






351 


ATATTTGAAGTCTTT 


366 


M13/I 1 


371 


TCI II IIGATQCAAT 
* * 


386 


M13/I2 


391 


CTATAATACTCAGQG 


406 


M13/I3 


411 


TGATTTATGGTCATT 
* * 


426 


M13/I4 


431 


GTTTAAAQCATTTG^ 
* * 


446 


M13/I5 


451 


TATTTATGACGATTC 
* * 


466 


M 13/1 6 


471 


TATCCAGTCTAAACA 
* * 


486 


M13/I7 


491 


CTCTQGaW\ACTTC 
* ★ 


506 


M 13/1 8 


51 1 


TCGCTATTTTGGTTT 


526 


M13/19 


531 


AAAjDGAGQGTTATG^ 


546 


M 1 3/2 0 



Figure 6 

Primers for /fiiuclelc Acid Production 
Derived froni IVl13mp18 Sequence 
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Figure 7 

Appropriate M13mp18 Restriction Sites 
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Lane 1: from calf thymus + Taq digested mp18 amplification reaction 
Lane 2: from Taq digested mp18 amplification reaction 
Lane 3: from calf thymus amplification reaction 
Lane 4: 0X174 Hinfl size marker 



Figure 8 
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Lane 1: no template 

Lane 2: mp18 template, phosphate buffer 
Lane 3: Mspl/pBR322 size marker 
Lane 4: mp18 template, MOPS buffer 



Figure 9 




Top=: (+) Template 
Bottom^ (-) Template 

Lane 1: phosphate buffer 
Lane 2: MES 
Lane 3: MOPS 
Lane 4: DMAB 
Lane 5: DMG 

Lane 6: pBR322/Mspl size marker 
Figure 10 
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i 13 4 5 6 



/V 4^ ^ N ^ 




I 



Lane 1 : DMAB buffer, no template 
Lane 2: DMAB buffer, mp18 template 
Lane 3: DMG buffer, no template 
Lane 4: DMG buffer, mp18 template 
Lane 5: No reaction 
Lane 6: 200 ng Taq I digested mp18 
size marker/positive control 



Figure 11 



First Time Interval Second Time Interval 



Agarose Gel Analysis 

Lane 1: lambda Hind ill marker 

Lane 2: Amp/Untreated 

Lane 3: Amp/Kinased 

Lane 4: Amp/Kinased/Ligated 

Lane 5: PCR/Untreated 

Lane 6: PCR/Kinased 

Lane 7: PCR/Kinased/Ligated 

Lane 8: 0X174/Hinf1 marker 



Figure 12 



Figure 13 
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1 2 34 5 6 




Lane 1: Primers alone 

Lane 2: Primers + taq digested M13 DNA 

Lane 3: Molecular weight markers 

Lane 4: Primers + RNA 

Lane 5: Primers alone 

Lane 6: M13 digested DNA 

Bgffer was dimethyl amino glycine, pH 8.6 



Figure 14 
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1 2 34 5 6 



— < 




Lane 1: Primers alone 

Lane 2: Prinners + taq digested M13 DNA 

Lane 3: Molecular weight markers 

Lane 4: Primers + RNA 

Lane 5: Primers alone 

Lane 6: M13 digested DNA 

Buffer was dimethyl amino glycine, pH 8.6 



Figure 15 
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. /CONTROL 



J ... /X, . v\v\ 



./\.A..... .. V\. 



f 

DISPIiiCECIEHT 43 C OUERMIGHT ' ''-'\^-^--^-^-..^.. 



58Q 600 620 640 

Uavelength (ntti) 



Figure 16 
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Figure 17 
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pIBI 31-BH5-2 

fmet AUG of Lac 2 {T7 Promotor region— 

lAC PROMOTOR.jMG ACC ATG ATT ACG CCA GAT ATC AAA TTA ATA CGA CTC ACT ATA 

oligo 50-mer 3'- tac t*aa t*gc ggf ct*a rag l*Vt aat* tat* get* gag t*ga t*at* c-5' 

10 base insert 

17 RNA Start {«« T3 Promotor Region ) 
IGGG CTC ICCT TTA GTG ACG GTT AAT 
•••»») «- T3 Start Signal 



pIBI 31 BSII/HCV 

fmet AUG of Lac z {T3 Promotor region -») T3 RNA Start 
LAC PROMOTOR ,ATG ACC ATG ATT ACG CCA AGC TCG AAA TTA ACC CTC ACT AAA /QQG 
oligo 50-mer 3'- tac t*aa t*ac t*aa t*gc ggt* t*V"10 base insert- 

{«- T7 Promotor Region } 

f^^ULTIPLE CLONING SITE + 390 BASE INSERT CTA /TAG TGA GTC CGT ATT AAT.... 

«- T7 Start Signal 

5'-ct*a t*ag t*ga gt*c gfa tt*a at* 



Figure 18 
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Address all telephone calls to: Ronald.C.-Fedus. Esq., at telephone no. (212)-856-0876 
Address all correspondence to: Ronalcl"CrFedus, Esq., Corporation & Patent Counsel 

Enzo Biochem, Inc. 

575 Fifdi Avenue - 18di Floor 

New York. NY 10017 



J ann i c G. fiui v rianopQulo s et aJ. 

Serial No. 08/182.621 

Filed: January 13, 1994 

Page 2 (Declaration For Patent Application) 



I hereby declare that all statements niade herein of my own knowledge are true and that ail statements made on 
mfonnauon and belief are believed to be true, and funher that these statements were made with the knowledae that 
willful false s^temenis and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
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ASSIGNMENT 



Docket No.: ENZ-52 



In consideration of One Dollar ($1.00), and other good and valuable consideration, the 
receipt of which is hereby acknowledged, I , the undersigned. 

Dean L. Engelhardt. 
Jannis G. Stavrianopoulos, 
Elazar Rabbani, and 
James J. Donegan, 

RESIDING AT: 

173 Riverside Drive (No. 6D). New York, New York 10025; 
99 South Clinton Avenue (No. 1 ID), Bay Shore. New York 1 1706; 
69 Fifth Avenue (No. 19A), New York. New York 10003; and 
210 East Broadway (No. 3G), Long Beach, New York 1 1561; respectively 

Hereby sell, assign and transfer to: Enzo Diagnostics. Inc.. a corporation of the State of 
New York, having a principal place of business at: 60 Executive Boulevard. Farmingdale. New 
York 1 1735-4716, its successors, assigns and legal representatives, the entire right, tide and 
interest for the United States and all foreign countries, in and to any and all improvements which 
are disclosed in the application for United States Leners Patent, which has been executed by the 
undersigned concurrently herewith, and is entiUed: 

NOVEL PROCESS, CONSTRUCT AND CONJUGATE 
FOR PRODUCING MULTIPLE NUCLEIC ACID COPIES 

(said application having been filed on January 13, 1994 and accorded U.S. Patent Application 
Serial No. 08/182.621) 

and in and to said applicadon and all divisional, continuing, subsutute. renewal, reissue, and all 
other applications for Letters Patent which have been or shall be filed in die United States and all 
foreign countries on any of said improvements; and in and to aU original and reissued patents 
which have been or shall be issued in the United States and all foreign countries on said 
improvements: 

Agree that said Assignee^may apply for and receive Letters Patent for said improvements in 
its own name, and that, when requested, wfthout charge to but at the expense of said Assignee, its 
successors, assigns and legal representatives, to carry out in good faith the intent and purpose of 
this assignment, die undersigned will execute all divisional, condnuing. substitute, renewal, 
reissue, and all odier patent applicauoVis on any and all said improvements; execute all rightful 
oadis, assignments powers of attonie>Land other papers, communicate to said Assignee, its 
successors, assigns, and representatives,,|ll facts known to the undersigned relating to said 
improvements and die history thereof;- ariS^'generally do everything possible which said Assignee, 
its successors, assigns or representatives. shall consider desirable for aiding in securing and 
maintaining proper patent protection for said improvements and for vesung tide to said 
improvements and all applications for patents and aU patents on said improvements, in said 
Assignee, its successors, assigns and legal representauves; and 



Serial No. 08/182.621 
Filed: January 13, 1994 
Page 2 (Assignment) 



Covenant with said Assignee, its successors, assigns and legal representatives that no 
assignment, grant, mortgage, license or other agreement affecting the rights and property herein 
conveyed has been made to others by the undersigned, and that full right to convey the same as 
herein expressed is possessed by the undersigned. 



Jannis G. Stavrianopoulos (date) 




Elazar Rabbani 



(date) 



James J. Donegan 



(date) 



Ja iiuis 0. Suvimnopou l e s e. ^. 

Serial No. 08/182.621 
Filed: January 13, 1994 
Page 2 (Assignment) 



Covenant with said Assignee, its successors, assigns and legal representatives that no 
assignment, grant, mortgage, license or other agreement affecting the rights and property herein 
conveyed has been made to others by the undersigned, and that ftill right to convey the same as 
herein expressed is possessed by the undersigned. 





Dean L. Engelhardt 



(date) 



Elazar Rabbani 



(date) 




:4c 4: * * * « * 
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Covenant with said Assignee, its successors, assigns and legal representatives that no 
assignment, grant, mongage. license or other agreement affecting the rights and propeny herein 
conveyed has been made to others by the undersigned, and that full right to convey the same as 
herein expressed is possessed by the undersigned. 



Jannis G. Stayrianopoulos (date) 



Dean L. Engelhardt ~ (date) ■ 

El^^ttfRabbani ^ (^afe) 



James J. Donegan (date) 
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Attorney's Docket No.: liNZ-52 

TN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicaiu(s): Dean L. Engelhardi e( al. 

Serial No.: 08/182,621 Group An Uiiil: Not Yei Known 

Filed: January 13, 1994 Exajnincr: Noi YlM Known 

For: NOVEL PUOCRSS. CONSTUUCT AND CONJUCATE 

rOU IMtODUCiNG MUKTirH*: NUClJilC ACM) COIMKS 

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS m CFR 1.9 (H and L27 (c) ) - SMALL HIJSIN ESS CONCERN 

I hereby declare diat I ain 

[ ] die owner of die small business concern identified below: 

{XI ail official of die small business concern empowered lo aci on behalf of die concern idcniined 
below: 

NAME OF CONCERN . EN70 DIAfiNO-STlCS. INC. 

ADDRESS OF CONCERN c/o EN20 BtOCHEM. INC. 

;i7.S FIFTH AVENUE (ISTH FLOORS 
NEW YORK. NEW YORK 10017 
I hereby declare dial die above ideniified small business concent qualifies as a small business cimccni as 
defined in 13 CFR 121.3-18. and reprt)duced in 37 CFR l.y(d), for purposes of paying reduced fees under scciion 
41(a) and (b) of Rule 35. United Stales Code, in thai die number of empUtyecs of the concern, including those of its 
affiliates does not exceed 500 persons. For purposes of diis statement, ( I ) the number of employees of the business 
concern is the average over die previ(ms fiscal yeiu^ of iJie concern of the persons employed on a fidl-time, pari iime 
or temporary basis during each of die pay peritxls of die fiscal year, aiid (2) concerns are affiliates of each lUher when 
eidier. direcily (tr indirectly, one conceni controls tir has power to control the other, or a durd parly or parties 
controls or has the power to control bodi. 

I hereby dechue dial rights under conuaci or law liave been conveyed to and reniiiin wid» the small business 
concern idendficd above wid) regard to die invention entitled: 

NOVKL PROCESS, CONSTRUCT AND CONJUGATE 
FOR PUOUUCING MULTIPLli: NUCLEIC ACID C01»1KS 

by inventor(s) 

Deajj L. Engelhardi el al. 

described in 

{ } die specification filed herewith 

[ X 1 Application Serial No. 08/182.621, filed Jatiiiary 13, 1994 

I 1 Patent No. ■ , issued . 

If Uie rights held by die above identified small bu.siness concern are not exclusive, each individual, concern 
or organi/aiion having rights lo the invention is listed below* :uid no rights lo the invention are held by any person 
odier dian ilie invenlor, who could nol qualify as a small business concern under 37 CFR 1.9(d) or by any concern 
which would nol qualify as a small business concern under 37 CFR 1.9(d) or a nimprofil organization under 37 CFR 
1.9(e). 

♦NOTE: Separate verified statements are required from eacli named person, concent or organization 
having rights to the invention averring to dieir status as small entities. (37 CFR 1.27), 

NAME ; 

ADDRESS ' : : 

( ) Individual ( ) Small Business C(mcern ( ) Nonprofit 

1 acknowledge the duty lo file, in Uiis application or patent, notification of any cluuige in status resulting iit 
lo.ss ofentidement to small entity status prior lo paying, or at die lime of paying, die earliest of the issue fee or any 
maintenance fee due after die date on which status as a small business entity is no longer appropriate. (37 CFR 
1.28(b)). 

1 hereby declare tlVat all statements mailc herein of iny own knowledge are true aiul thai all statements made 
on infonnation mtd tielicf are believed to be true; and furdicr dial die.sc statements were made widi ihe knowledge that 
willful false siaieiiients and the like sg made are punishable by fine or unprisoiuneni, or both , under section 1001 of 
Title 18 of the United Slates. Code, and that such will fid false statement may jeopardize the validity of the 
application, any patent issuing diefColt; or any patent lo which this verified statement is directed. 

NAME OF PERSON SIGNING - BARRY W. WEINER 

TITLE OF PERSON OTHER THAN'OWNER EXECUTIVE VICE PRESIDENT 

575 Fimi AVENMEdKTII FLOOR) . 
NEW YORK. NEW YORK 10017 

DATE J^^^ 



ADDRESS 0F/1)ERS0N SIGNING 



SIGNATURE . 



